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CHAPTER 1
INTRODUCTION
A number of authoritative monographs have appeared in
recent years describing the steps that led to the discovery of the
antral hormone, gastrin, and the elucidation of its role in gastric
secretion# So that only a brief account will be given here in
o der to situate the present studies in the xnain current of renewed
interest in this field. For there can be little doubt that the
availability of the pure peptides, gastrins I and it (Gregory and
Tracy, 1961-) ^ and, more recently, of a series of synthetic
peptides structurally related to gastrin (Gregory and Tracy, 196!+)'' ,
must lead to a re-examination of the processes of stimulation and
inhibition of gastric secretion in man and animal and a re-appraisal
of the theoretical considerations on which much of the present
knowledge is based.
The Extraction of Gastrin;
5 6
The gastrin story appropriately begins with Edkins* 9
demonstration that pyloric mucosal extracts contained a "stimulant"
of gastric secretion. It was not until a few years later that an
attempt was made to delineate the role of the antrum in the
secretory response of the stomach ^ . These two parallel attempts
at solving the problem are the prototype of much of the work that
was to follow. For while many workers directed their efforts at
extracting a pyloric substance that could safely be described as a
stimulatory/
-2-
horaone, others devoted themselves to investigating the role of the
antral region in its release.
Much of the controversy that punctuated early research in
this field appears, in retrospect, to have been irrelevant. The
first damaging blow at the gastrin theory was struck when it was
fl
demonstrated ~ that other tissue extracts besides antral extracts
contained a powerful stimulant of gastric secretion. By 1919, it
had become clear that the stimulant in these extracts was hi3t-
9 10 11
amine * ' * which in view of its ubiquitous distribution in the
body could hardly qualify for the role of a gastric hormone. Sacks
1?
et al. , who in 1932 made a further attempt at extracting the
antral hormone, only succeeded in isolating histamine. Their
verdict was suitably equivocal: "either histamine is the gastric
hormone, or if not there is no gastric hormone, or the gastric
hormone has never been extracted from the pyloric mucosa."
13
Similar studies around this time showed the absence of
histaminase in gastric mucosa and tended to lend support to the
conclusion that gastric mucosal histamine might on release play the
role of a local or circulating hormone. But other studies
describing the mainly fundic distribution of mucosal histamine
only served to feed the lingering doubt as to its immediate
hormonal role.
In all attempts to isolate gastrin and distinguish it from
histamine, one important possibility had been overlooked, namely
that tie hormone might be a protein, and if so, all the
extractive/
3-
extractive procedures in use until then wo ld have removed the
hormone and spared the histamine. The possibility that the antral
hormone, by analogy with "secretin", was protein-like was first
recognised by Komarov ^^ , working in Babkin' s laboratory,
Komarov showed that trichloracetic acid could preoipitate from
simple acid extracts of antral mucosa, a histamine-free, non-toxio
protein fmotion which elicl ed, on intravenous administration to
conscious dogs or anaesthetised cats, a definite secretory response.
He also reported that a certain amount of gastrin-like activity
could be found in duodenal extracts, but none in cardiac or fundic
18
extracts. Basing himself on Komarov's findings, Babkin con¬
cluded at tie time that "the active principle extracted from the
mucous membrane of the pyloric part may provisionally be called
♦gastrin' with no implication that it plays any part in normal
gastric function." and further, "we are not yet entitled to claim
that the substance extracted by Komarov from the pyloric mucosa
is actually the hormone of this phase, for we 3till do not under¬
stand the mechanism by which the hormone is liberated during
19 20
gastric digestion,..," Although a number of workers " over
the next ten ye-rs found it diffioult to obtain aetl e preparations
21 22
of gastrin, others * using a variety of procedures amply con¬
firmed the findings of Komarov by reporting t e consistent presence
of gastrin-like activity in antral extracts. The stage was set
3for the final and most rewarding attempt by Gregory and Tracy
at isolating gastrin in pure form from hog antral mucosa.
The/
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The Physiological Role of Gastrin:
Up till the time of Korarov's work, the existence of the
antral hormone had not been established b physiologioal experiments.
In the thirty years that followed Edkins1 first report, workers in
this field could be divided into those who accepted uncritically the
existence of a gastric hormonal mechanism, and those who, uncon¬
vinced by the evidence to-date, considered it to be a seductive but
improbable invention.
The lack of recognition of two important facts had barred the
way to any further advance in this direction: (i) that vagal
innervation of the antrum and fundus was important for the effeotive
release and action of the antral hormone, and (ii) that release of
the hormone could only be effected in the presence of low acidity in
the antral region.
The extensive study of Mm, Ivy and McCarthy in 1925
demonstrated that t' e secretory response to mechanical and ohemieol
stimulation was largely dependent on the presence of the antrum.
These workers were prevented from interpreting their results
correctly by the earlier failure of Ivy and Whitlow to elicit
a response from Pavlov pouches by antral pouch irrigation. Soon
25
after, however, Ivy and Farrell using a transplanted canine
fundic pouch showed the presence of a circulating humoral agent
following a meal.
Fifteen years elapsed before the search was resumed. In
1941/
•5-
1941, G-regoiy and Ivy re-opened the whole question of the
humoral mediation of response. But although they were unsuccessful
in locating the site of origin of the humoral arent, they brought
forth sufficient evidence to show that it was hormonal in nature
and not a secretogogue derived from the products of digestion.
Final confirmation, however, oame a few years later when it was
shown successively that local mechanical stimulation by antral
27
distension and chemical stimulation by antral irrigation with
28
acetylcholine elicited a fundic secretory response.
A number of clues latent in many of these experiments pointed
to the possibility that nervous mechanisms were involved in the
29
release of the antral hormone. The early work of Uvnas which
because of war conditions had passed unnoticed, contained in germ
what has since come to be accepted as one of the major advances
in recent years, namely, the recognition of the integration of
nervous and hormonal mechanism in the gastrointestinal tract. It
was soon shown on all sides and in numerous experiments, that vagal
excitation could cause the release of gastrin from an antral
mucosa protected from exposure to acid. It has since become clear
that on eating a meal, the combined influence of central vagal
exoitation of the antrum and its local stimulation by meohanioal
and possibly chemical means causes an immediate release of gastrin.
The extent to which the subsequent rise in acidity controls the
continued release of the hormone requires further study.
The/
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The fact that concurrent cholinergic stimulation influences
the action of gastrin as distinct from its release is now well
established. The idea of a synergistic effect between gastrin
and cholinergic agents is highly attractive. But considerable
doubt persists as to the mechanism by which this effect is mediated.
It is not yet clearly established whether this type of co-operation
32
takes the form of a true pharmacological potentiation , or is
simply coincident on the increase in mucosal blood flow and con¬
sequent increase in the delivery of the stimulant to the active sites
33 34
of secretion * .It will be recalled in this context, that
the maximal secretory response to histamine is unchanged by vagotomy,
although the dose required to elicit this response is much greater
35
after denervation • Whereas a synergistic effeot con be demon¬
strated at the lower dose levels between gastrin and cholinergic
agents tie maximal secretory response of the intact human stomach
remains unaltered (vide infra).
*
Isolation and Characterisation of Antral Gastrin
The recent report by Gregory and Tracy ^ announcing the
isolation of two almost Identical peptides, gastrins I and II, is
the culmination of many years work on the detection, and physio¬
logical 3iudy of the active antral principle. The method of
extraction described by these workers in l$6l had already made
available for the first time a preparation which was highly active
on subcutaneous injection to consoious dogs and sufficiently pure
for/
-7-
for administration to human subjects.
The pure peptides are on a molar basis 3ome 500 times more
effective than histamine in stimulating gastric acid secretion.
They also possess a duplex effect, whioh has other pharmacological
parallels, in being stimulatory at low doses and inhibitory on
rapid delivery in high doses. Several actions shown by the crude
37
antral extracts have been reproduced by the administration of
the pure peptides. These include stimulation of gastrio and
intestinal motility and tone, stimulation of pancreatic volume flow
and enzjaae output, and a minimal effect on gall-bladder tone and
biliary flow. The importance of these findings is in their possible
physiological significance; whether, that is, in the intact animal,
post-prandial liberation of gastrin not only stimulates gastric acid
and pepsin secretion, but also pancreatic secretion and gastro¬
intestinal tone and motility.
Over the last few months, the pace of advance in this field
has increased considerably. The breakdown of the amino-acid
sequence of the two peptides and their subsequent synthesis have been
38
announced , followed by the preparation of a series of peptides
structurally related to gastrin and possessing the spectrum of
4
activity shown by the original peptides . Still more recently a
number of gastrins derived from various species including man have
39
been isolated and characterised .
These exciting developments are destined to have the most far-
reaching effect on the study of the intimate mechanisms of gastric
secretion, and justify the extension of research to the study of
these/
-8-
these processes in man.
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CHAFl'ER II
PllRPCfct; OF THE THESIS
The purpose of this work is to study the action of gastrin on
gastric secretion in man. The advent of this new and versatile
stimulant afforded the opportunity of re-investigating several
aspects of the secretory process.
The following were therefore studied:
(i) The spontaneous secretion over a prolonged period
in normal subjects conditioned to the procedure.
(ii) The kinetics of secretion following various modes
of administration of stimulants including gastrin.
(iii) The effectiveness of gastrin as compared with other
stimulants and its use in secretory tests.
(iv) The dose-response relationships for gastrin.
(▼) The cellular masses in the stomach as the determin¬
ants of the outputs of various secretory products,
(vi) The behaviour of electrolytes during steady and non-
steady-states of secretion.
The fundamental studies dealing with dose-response relation¬
ships, the kinetics of secretion and the behaviour of electrolytes
were conducted on two male medically-qualified subjects, JM {wt.
82 kgs) and GM (wt. 6k kgs), each of whom underwent nearly 50 tests
over a period of two years.
The/
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The comparative study of the action of gastrin and histamine
on acid seoretion was performed on a series of 16 normal and ulcer
subjects, while the study of the simultaneous secretion of eleotro-
lytes, pepsin and total nitrogen was performed on a further series
of 6 subjects.
Several subsidiary studies were also undertaken to determine
the effectiveness of gastrin and the possible effect of antihistamine
on the response to this stimulant.





In this chapter, the general procedures common to all secretory-
tests in man will be described; the more specific aspects of various
tests will be dealt with under the appropriate headings.
All subjects under study were fasted overnight, and all anti¬
cholinergic agents withdrawn at least 2k- hours beforehand. In the
morning, a no, 7 radio-opaque Levin tube was passed via the nose into
the stomach, and sited radioseopically so that its tip lay in the
most dependent part of the stomach. The tube was then securely
strapped to the subject's nose and forehead to ensure that there
could be no displacement during the subsequent procedures. The
tests were carried out in a quiet warm room, with the subject lying
on his left side. In each test continuous individual attention was
maintained throughout,
A. Collection of juice:
The quantitative study of gastric secretion requires the
maximum of accuracy in the collection of juice. In these studies,
subjects CM and JM collected the juice from each other and from all
other subjects.
Continuous suction was applied at a subatraospheric pressure of
3-V
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3-4 om. Hg, supplemented as required by manual suction. The flow
of juice was inspected throughout the test, with frequent inter¬
ruption of suction and injeotion of air to ensure continuous patency
of the tube. Early in these observations, the invaluable "pumping"
effect of deep, forceful respiration, and abdominal straining was
noted (Dr. B, Nordgren, personal communication), and thereafter
this useful adjunct to the technique was utilised.
The secretion was colleoted for a period of 20 to 60 minutes
prior to the test and labelled "basal". Following administration
of the stimulant, aspiration was continued for a variable period
depending on the nature of the test. Five-minute collections were
taken throughout the test and their volume recorded. They were
then pooled for titration into samples corresponding to 10-minute
collections, except in teats involving single intravenous
injections of gastrin, when 5-minute samples were estimated
directly.
Frequent sampling of the juice is a pre-requisite of accurate
collection and allows a close watch to be kept on the time of
appearance of peak response and the emergence of a steady-state of
secretion. The errors involved in longer periods of collection are
more difficult to detect and may lead to an underestimate of the
value of peak output which is the measurement best related theor¬
etically and experimentally to the dose of stimulant.
Since the general tendency is for an earlier sample to be
under-collected, the probable direction of error in collection is
forward^
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forward, shifting the position of peak output to the right, and
altering its magnitude.
IJnder-oollection of samples is, of course, most likely to
occur at low secretory rates, and unless guarded against intro¬
duces fallacies in the quantitative description of gastric
electrolyte phenomena (see section on electrolytes).
B. Contamination of the .juice;
Extragastrio contamination is the other potential source
of error in gastric studies in man.
(a) Biliary contamination;
In the studies reported here, biliary contamination varied
with the individual. Its appearance tended, though, not in¬
variably, to coincide with the end of the first hour following
stimulation. Although the volume appeared to increase concomit¬
antly, the acid output was not signifioantly changed.
In subjects CM and JM, biliary contamination virtually
ceased after the first few months of testing and occurred only in
occasional samples following administration of cholinergic agents.
(b) Salivary contamination:
When the emphasis in a particular study is on the output of
acid following stimulation, it is probably unnecessary to attempt
to reduce salivary contamination.
In the study of gastric electrolytes, however, it is
imperative to avoid suoh contamination. The technique used in
these/
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these studies which consisted in the application and frequent
changing of dental pledgets in the sulci of the cheeks and under
the tongue, appears to have ensured virtual elimination of this
potential source of error* Incidentally, the technique proved to
he a reliable method of quantitating the output of saliva and
demonstrated clearly the absence of any stimulatory effect of gastrin
on salivary secretion. In subject GM, during 17 tests in which
gastrin was administered by single intravenous injection or by
continuous infusion over a wide range of doses, the mean output
of saliva was 32.8 val/hr. + 1.8 S.E. as compared with a mean output
during basal tests of 28.If ml/hr. + 1.4 S.E. There was no
significant difference between the two means.
It should be noted that contamination by bile, saliva or
blood affects the composition of the juice differently. Biliary
contamination increases the sodium content of a sample but
decreases the concentration of other eleotrolytes. Salivary
contamination, unless excessive, has little effect on the electro¬
lyte content of a sample, but reduces the concentrations of all
other constituents except potassium. Blood contamination has an
insignificant effect on electrolyte composition but an important
effect on the total nitrogen content.
C. Analytical Procedures:




H.y&roren ion concentration was determined using 0.1 N NaOH
with phenolphthalein as indicator. The volume of juice used for
titration ranged from 1 to 5 ml. and varied with the siae of the
sample. Microtitration (Pye Rotary Burette) was necessary on
occasion with the smallest samples (0.2 ml. of juice and 0.01 N
NaOH).
In the context of acidity determination of gastric juice, the
best estimate of total hydrogen ion concentration appears to be
provided at a point of equivalence situated near the end-point of
phenolphthalein (Moore and Scarlatta, 1965) ^ •
Sodium and potassium concentrations were determined by
flame-photometer (EEL model A),
Chloride concentration was determined electrometrically
using a 0.2 ml. aliquot of juice. The sum of the concentrations
of cations (H+ + Ka+ + IT*) was olosely similar in every case to the
chloride concentration and rarely differed by more than 2 mEq/L.
Pepsin determination was carried out according to the method
i n
of Hunt , and expressed in pepsin units.
Total Nitrogen determination was carried out by a modified
biuret technique (Gornall et al«, 194-9) • The data obtained
by the biuret technique follow the law of Lambert-Beer and can
variously be expressed as optical density units, or following
micro-Kjeldahl estimation of the standard as concentration of





• Seeretoxy rate = volume output of juice per unit tine.
Concentration of acid and other electrolytes is expressed
as raEq/Xi.
• Acid or electrolyte output a secretory rate in Litres
x concentration in raEq/L.





Spontaneous secretion was always studied prior to the
administration of a secretory stimulant. All the subjects were
tested in the morning, in quiet surroundings away from the ward
and after an overnight fast.
Although the term spontaneous secretion is more accurately
descriptive, it will be used interchangeably in this study with
the more usual term basal secretion.
A. The spontaneous seoretion in subjects CM and JM.
This study offered the unusual opportunity of studying the
pattern of spontaneous seoretion over a prolonged period in two
normal subjects conditioned to the proeedure.
In subject CM, the spontaneous seoretion of acid in 37
samples collected over a period of 20 months oscillated over a
narrow range: 0.88 mEq/hr. + 0.3A- S.D. The scatter of the data
is illustrated graphically in Table I, which displays a near-normal
distribution.
In subject JM, the behaviour of the spontaneous secretion
during the first year of testing was similar to that found in
subject GM. During this period, the mean acid output of nine
collections was 1,35 mEq/hr. + 0,25 S.D.. Over the subsequent
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0.56-O. 0.61-. 386974 0.79-82567 0.92-1.0014 1.08-.09135 1.25-.32 1.44
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contain no acid. The average volume of these collections was
25.5 ml/hr., their pH ranged between 7 and 8, and on three occasions
when it was tested for, the bicarbonate concentration was 1.2, 6.8,
and 9.3 mEq/L. The pH of the fasting secretion that had accumul¬
ated overnight was also neutral or slightly alkaline.
Discussion and conclusions
43
Hollander has demonstrated that the fasting juice
collected from the denervated pouches of dogs with ablated antra
is not only anacld but contains a measurable amount of bicarbonate.
The situation in conditioned subjects appears to be analogous to
that in dogs, which leads to the conclusion that under strictly
basal conditions the hormonal or nervous influences acting on the
acid secreting mucosa are either minimal or totally absent. It
can indeed be said that the parietal cell population is not
spontaneously active, but only reactive to stimulation.
B. Spontaneous secretion in the experimental series:
The data from all the series were pooled together for
analysis. Forty-five subjects in all were tested. Of these, 10
xvere normal subjects and 35 had confirmed peptic ulceration (25 D.U.,
10 G-.U.), In most ca.ses, two basal tests were performed and a
total of 83 collections were obtained for analysis.
The following preliminary observations can be made:
(i) There was a tendency for the first test to show a higher
acid output than the second. This is in conformity with the
earlier/
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earlier findings of Littman and of Sun and Shay , whose
observations, however, were mainly confined to patients with duo¬
denal ulcers.
(ii) Tests performed in the wards by the nursing staff showed
consistently higher basal outputs. These were usually the earliest
tests on the subject and do not form part of this series. These
unusually high basal collections may in paid: reflect incomplete
emptying of the fasting contents of the stomach.
Analysis of the data:
(a) Because of the paucity of data on female subjects (10 in
all), only the data on male subjects can be considered as reliable.
Table II shows the close similarity between the data from this series
and those obtained from the much larger series of Grossraan et al.
(1550 males) and Levin et al. ^ (533 males). In all three series,
the basal output of normal subjects is slightly higher than that of
gastric ulcer patients and around half that of duodenal ulcer
patients.
(b) In this as in other studies, the basal output data were
widely scattered. The range for duodenal ulcer patients wa3 between
0.2 and 24 mEq/hr. All outputs above 6 mEq/hr. were confined to
this group, but no limit could be set below which it could be
affirmed that duodenal ulceration did not exist. The range for
gastric ulcer patients was 0.1 to 5.S mEq/hr. and that for normal
subjects/
■20-
subjeots was 0.2 to 5.6 mSq/hr#
(e) Fig. 1 shows however that the scatter of data is not
random but around a mean for both duodenal ulcer patients and normal
subjects. The mean output read at 30$, is again twice as high for
duodenal ulcer patients as it is for gastric ulcer patients and
normal subjeots. The sigmoid character of the curves, which are
identical with the curves derived from the data of Grossman et al,
h£
, is apparent on logarithmic transformation.
The data in the same subjects for the post-stimulatory hour
output following gastrin or histamine show a similar type of
distribution (Fig. 2).
It is clear from Figs. 1 and 2 that despite a wide difference
in the means, the basal and "maximal" outputs of ulcer patients and
nonaal subjects show a considerable overlap.
(d) If the acid outputs following maximal subcutaneous
stimulation by gastrin or histamine are grouped by decades and their
means plotted against the means of the corresponding basal outputs,
a linear relationship is apparent (Fig, 3)» All the data but one
above 2*0 mEq/hr. (over one-third) pertain to male patients with
duodenal ulcers.
A similar relationship between stimulated secretion and basal
secretion may be derived from the data of Grossman et al. who
used a subraaximal dose of histalog (50 mg. s.o.), and the data of
Levin et al. ^ , who used a submaximal dose of histamine (20 ug/kg
s.c.). In these two series, however, the data for ulcer patients
and/
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and normal subjects of each sex are plotted separately (Fig, 4).
Discussion
The most appropriate definition of basal secretion is that
given by Lim who describes it as "the juice secreted by the stomach
in the absence of all intentional and avoidable stimulation,"
This ideal situation is rarely attainable in practice. Indeed,
two antithetical elements characterise the pattern of spontaneous
secretion in man: variability and reproducibility*
The basal output according to Kiraner et al, k£ who performed
serial tests on normal subjects and ulcer patients varies from day
to day and from week to week. The pattern, however, is reproduo-
ible in multiple tests on the same subject. In conditioned subjects
this variability can be reduced to a minimum, and under truly basal
conditions in the absence of all nervous or hormonal influences the
gastrlo mucosa is totally inactive.
Spontaneous secretion is thus usually the produot of variable
extrinsic or intrinsic influences, which can be loosely described
as stimulus, drive or "dose", acting on a quiescent and fixed back¬
ground, the parietal cell mass.
Since "maximal" acid output is linearly related to the size
of the parietal cell mass, the curves in Fig, 2 describe the
distribution of the latter in the duodenal ulcer and control groups.
The ratio of the mean acid output of normal subjects to duodenal




as given by Cox of their respective parietal cellular masses.
Similar curves in Fig. 1 describe the distribution of the
basal output data. Their interpretation is more complex, since
basal output depends on the sise of secretory cell mass and varies
with the influences activating it. The close similarity in the
shape of the curves, however, leads to the inference that these
influences are evenly spread both within a group and in between the
groups. In other words, there appears to be no supranormal drive
solely active in duodenal ulcer patients as compared with normal
subjects or gastric ulcer patients.
These conclusions were put to the test by plotting the means
of the "maximal" acid outputs against the corresponding means of
basal outputs. The rationale of grouping the data from all
subjects irrespective of condition derives from the calculations of
50
Shay who showed that acid output per billion cells is similar
for normal and ulcer subjects of either sex. The grouping of data
according to basal output, on the other hand, is open to serious
error, since it is the "maximal" acid output which is the index of
the stable cellular mass of an Individual, while the basal output is
the product of a variable drive acting on a stable background. All
the points in Fig, 3 lie on the 3ame slope including the last two
derived exclusively from data obtained in male duodenal ulcer
patients. The same linear relationship is shown in Fig. if by
plotting the data of Levin et al. and Grossman et al, for the ulcer
and/
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and control groups of each sex separately. Titration to the end-
point of free aoidity is probably responsible for the intercept in
Fig. 4.
The existence of a fixed ratio in all subjects between basal
and "maximal" acid outputs had already been pointed out by Hunt and
Kay * Their view was challenged by Sirous whose data
showed a higher ratio in duodenal ulcer patients. In a reoent
review ^ the data obtained by both groups have been harmonised to
fit the prediction of Kay and Hunt. The challenge has been revived
more recently by Baron who noted a bimodal distribution in the
basal output of duodenal ulcer patients and pointed to an important
souroe of error in the calculation of a parietal oomponent from
contaminated basal secretion.
Despite the demonstrable existenoe of a fixed basal to
"maximal" output ratio, it is nevertheless common experience that a
higher than normal ratio is occasionally encountered in the highest
seoretors amongst the duodenal ulcer patients. Two questions may
be asked: what is responsible for the higher ratio and why is it
confined to some duodenal ulcer patients.
The answer to the first question lies in a consideration of
the dose-response curve. The shape of the curve between 0 and 20$
of maximal response is flat and near-linear. The ratio of basal to
"maximal" output in all series is around 15 + 5$. If the drive or
"dose" is higher than a certain level, the response will lie on the
second/
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seoond and more vertical segment of the curve and the ratio is
significantly altered.
It is not known whether the dose of endogenous gastrin
released into the circulation differs in normal and ulcer subjects.
Although a larger gastrin-bearing area hits been reported in
55
duodenal ulcer patients , this may only be a reflection of the
larger size of their stomachs. This observation will assume
greater importance, however, if it could be shown that in some
duodenal ulcer patients the body cell mass and total body water
into which a given dose of endogenous gastrin is released have not
Increased in proportion to the increase in the size of the gastrio
mucosa. Under these circumstances the effective dose of circulat¬
ing gastrin would be larger than normal.
It is possible that the higher response is related to the
presence of stenosis. A higher vagal tone leading to a greater
release and more effective action of endogenous gastrin may be
presumed to accompany this complication. The combined synergistic
effect may well be responsible for a higher basal output with a
mean value over 2D/b resulting in the significantly altered ratio
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figure 2: Cumulative distribution curves for post-stimulatory
hour outputs in ulcer and normal subjects (above).
Figure It Cumulative distribution curves for basal output in













T 1 1 1 1 1 1—20 40 60
STIMULATED MEQ/HR
Figure 3* The relationship between the basal and post-stimulatoryhour outputs in this study*
-i 1 1 1 1 1 r~
4 12 20 28
stimulated meq/hr
stimulated meq/hr
Fixture 4t Tha relationship between b sal and stimuli ted outcut




CONTINUOUS IKPJSIOH OF GASTRIN
The purpose of this seizes of experiments was to investigate
the pattern of secretory response to continuous infusion of gastrin
and to establish dose-response relationships. The tests, which
ranged over a period of one year, were conducted on subjects
and JM.
A, Patterns of Response to Continuous Infusion of Gastrin
and Histamine
Methods
The general procedures for intubation, collection of the
juice and avoidance of salivary contamination were as outlined in
the chapter on general procedures,
Gastrin II, dissolved in citrate buffer and its concentration
adjusted to 10 ugAal was placed in 1 ml ampoules. On the morning
of each experiment the contents of one or more ampoules were washed
out into a standard 50 ml syringe. Differential weighing of the
ampoules permitted an accurate estimate of the dose extracted from
them. The dose was varied by the number of ampoules used and by
any subsequent dilution of the syringe contents, A constant speed
of delivery of 11,2 ml/hr. was used in all experimenta. Continuous
infusion lasted for at least two, and usually for three hours, and
the/
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the doses used ranged from 0.2 to 90 ug/hr. Only one dose level
was used in any single experiment.
The responses to continuous infusion of histamine acid
phosphate were studied at the highest dose levels and mainly for
purposes of comparison with gastrin. Two experiments were perform¬
ed on each subject. In the first 40 ug/kg/hr. were infused for a
period of two hours and in the second 20 ug/kg/hr* of histamine
were combined with 0.06 mg/kg/hr, of mechct'iane and infused for a
similar period. In both cases, 50 sg, of anthisan were administer¬
ed prior to the start of the infusion.
Results
The acid secretory responses to a series of infusions with
increasing doses of gastrin in subject JM are shown in Fig. 1.
Except for the lowest dose levels, when a peak was slow to appear
and difficult to detect, the pattern of secretion in both subjects
was biphasic, with a peak output lasting 20 to 40 minutes depending
on the level of the dose, followed by a near-steady-state response
lasting for one to two hours.
In contrast, the response to continuous infusion of histamine
or histamine plus mechothane shows a distinct difference in this
respect (Fig. 2). The peak of acid output is only attained after
some considerable time, usually around the end of the second hour.
This slow rise was more evident in the response of subject JM, whose





Frequent sampling of the juice is of great importance in tho
study of the kinetics or time-output relationships of secretion.
The practice of taking five-minute collections permitted a close
evaluation of the duration and magnitude of peak output and allowed
a close watch to be kept on its time of appearance.
The difference between the patterns of histamine and gastrin
is clearly of importance when maximal responses to the two stimul¬
ants are being compared. In this study, the infusion of histamine
was not carried beyond li*0 minutes. Hirschowitz, London and
Pollard , who studied the secretory response to infusion of
around 20 ug/kg/hr. of histamine over a period of three and a half
hours, demonstrated a biphasic response to this stimulant with a
peak of secretion around the end of the second hour followed by a
steady-state response. A similar pattern to stimulation by
histamine was also noted in dogs by Powell and Hirsohowits ^7 a
The biphasic response to infusion of gastrin is somewhat
different from that of histtuiine and much more akin to that follow¬
ing infusion of ureoholine . Following infusion of gastrin,
peak output appears early, around the middle of the first hour,
and both its magnitude and its timing are dose-dependent. The
most prominent rise and sharpest fall of output accompany the
highest doses.
It was noted earlier that a near-steady-state of secretion
appeared/
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appeared during?; the second and third hours following stimulation
by gastrin. A continuous decline in the response to infusion
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of gastrin has been noted in animals , and it is possible that
in this study on man, minor errors in collection may have masked a
similar but not very marked pattern of decline.
The pattern of secretory response is, at least in part,
dependent on a similar pattern of distribution of the stimulant in
the tissues, or more exactly in the target organ, the gastric
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mucosa. Teorell was the first to consider on theoretical
grounds, how the concentration of histamine in the blood and tissues
might vary with the rate of infusion. Teorell assumed that the
speed of cumulation in the tissues might depend on the difference
between the rate of entry of the stimulant and its rate of disappear¬
ance by elimination or inactivation. When the rates were equal,
cumulation ceased and the concentration remained steady and was
proportional to the rate of infusion. Obrink ° has since obtained
evidence in support of this hypothesis.
When maximal secretory response to gastrin is being in¬
vestigated it is more important to study peak output. The effective
tissue concentration of gastrin responsible for this phase is also
related to the rate of infusion {vide infra).
The study of the response to gastrin is further complicated by
the possibility that it may not be directly responsible for stimul¬
ation, but acts by release of intracellular histamine . The
factors/
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faetors determining the effective concentration of the ultimate
stimulant, - namely, the release of histamine from mucosal stores
and its local synthesis, have both been shown in animal a ^ to
depend on the dose of gastrin. It thus appears sufficiently
accurate to assume that the effective concentration of the ultimate
stimulant is a simple and direct function of the infused dose of
gastrin,
E. Bose-response Relationships following Infusion of Gastrin
Theoretical considerations;
(a) However accurate the data obtained, it is not possible to
infer the mechanism of gastric secretion from the form of the dose-
response curves. A number of models oould be proposed each leading
to curves consistent with the experimental observations. One
possible model would be a population of secretory units each respond¬
ing in a quantal or all-or-none manner but differing in threshold
sensitivity to stimulation according to some defined frequency
distribution. If as often happens pharmacologically the sensitivity
to log-dose follows a normal distribution, a symmetrical sinnold
normal integral curve would be obtained. Three adjustable para¬
meters define the curve: a vertical scale or height parameter,
which is equivalent to the asymptotically maximal response at very-
high concentration; a location parameter identified with EI) 50 or




Alternatively it may be imagined that all cells or secretoiy
units react uniformly, starting their secretion at the same dose
but having a graded response to increasing doses. In this ca3e,
the shape of the dose-response curve for any individual cell is
symmetrical and sigmoid, and maximal secretory response is
represented by the sum of the activity of all cells.
(b) An alternative and more appropriate model may be
proposed in which a number of secretory units or cellular receptors
form active complexes with a well-defined number of molecules of
the stimulant accoi'ding to a reversible equation governed by the
law of mass action. It is immaterial to the quantitative treat¬
ment that follows whether activation is considered to proceed
during the entire period of receptor occupation or simply to occur
at the instant of complex formation. It is assumed however that
(i) the number of secretoiy units or receptor sites is
directly proportional to the number of parietal cells and that
(ii) response is proportional to the number of cells
activated. For simplicity of treatment, "cell" is used in lieu of
receptor or secretory unit.
Let,
C = total number of cells available for activation,
c « number of cells activated by cell-stimulant complex
formation after a time t,
w
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D = concentration of the stimulant in the tissues during
continuous infusion.
G - c = number of cells in process of activation after time t.
The rate of activation or complex formation is proportion¬
al to the product of dose and number of cells in process of
stimulation,
| « kj,(C-c),D Eq. 1
The rate of deactivation or complex breakdown is proportion¬
al to the number of activated cells or formed complexes,
' ft = k2 * ° Eq# 2
At equilibrium, both reactions are proceeding at the same rate,
k^,(C-c.)#D s= kg . a
Dividing both sides by k^, and replacing &g/kl by K,
( C - o ) • D a K .c
C • D ■ c . ( K + D )
C « D -»
0 * k + B **• 3
If c, which is identified with the observed response, is
plotted against the logarithm of the dose, D, the formula gives
the symmetrical sigmoid curve known as the logistic which is almost
identical/
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identical with the normal integral curve and is also fully speoified
by three parameters. The height parameter, represented by the
maximal response following activation of all the cells C, is the
same for the two curves. The location parameter or ED 50, is
identified by the logarithm of K or the dose eliciting half the
maximal response, and is again similar for the two curves. The
scale parameters are analogous, but differ slightly in magnitude.
The analogy is apparent between Eq. 3 and other e>uations
which can be fitted to logistic functions such as the Lanptuir
adsorption isotherms and enzyme-substrate reactions.
Further transformation of Eq. 3 uncovers a linear relation¬
ship between the reciprocals of response and dose,
i - 2 + iS * i Eq. 2*.
c C C D y ^
Since C or the total number of cells in any single stomach
may be considered as constant, the relationship of l/c and l/D is
linear. At infinitely high concentrations of stimulant, l/c s 1/C»
(c) It is of interest to look back at the derivation
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proposed by Qbrink to account for the response of the stomach to
stimulation, Obrink defined the secretory process as the
"producing flow" which is converted into HC1 by means of a stimul¬
ant; "a" represents the maximal response in ml/rain, which will be
secreted when all the "producing flow" is converted to HC1, while
"v" is the rate at which the "producing flow" is converted into
HC1/
TABLE1
PeakandplateaucioutputsimEq/hr.l teauvolumeutp tr l/hr followingc ntinuousinfusiofgastriIIsubjectJM(w .82k .).
DateTotalosL g-dose/hr.Peakl teauM nFir tV lume ug./hr.Outputt tTwoHoursn£U/hr. mEq./hr.q./2n&hr.forSecond
HourPlateau
28..6467.17l.°°6l51 30442. 930 19.11.632.73.10482)0 5033 074.546 12.11.634.600.6 282 .31 8.70 16.9. 32 80.42927.95.246 1128 30.9.632 240.350015.83 9.71 7.1.640 75-0.12495 37.14 226 17.12.630 21-0.6706. 01.226 5
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HC1 following administration of a dose r. If r is increased by dr,
this increment may react with the "producing flow" still left or
(a - v), and cause an acceleration of secretion dv. Following
the law of mass action, dv will be proportional to the product of
(a - v) and dr,
dv » K ( a - v ) . dr
Integration of this equation gives
v a a ( 1 - e ~Xr )
which is a well-known mathematical expression graphically represent¬
ed by a curve passing through the origin and rising exponentially to
an asymptotic value a. Logarithmic transformation of the dose r
results in a symmetrical sigmoid curve. The similarity between
Obrink's derivation and that proposed in section (b) above may be
seen by substituting the symbols C or total number of cells, and
c or number of activated cells, for a and v respectively.
Experimental data;
Table I gives the acid output values obtained from the peak
response and from the second-hour steady-state (plateau) response
in subject JM, All values in the table are expressed as per hour.
The peak values have been calculated from the peak 20 to bO minutes
by multiplying this figure by the appropriate factor. Table I also
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Fig. 3 shows two plots of acid output per hour against log-
dose. fhe upper curve represents the output of the peak achieved
during the first hour and the lower one represents the steady-state
values obtained during the second hour. Volumes obtained during
the seoond hour plateau have been treated in a similar manner and
are plotted in Fig. 4-.
It is evident from each set of results that the response in¬
creases with the dose. The points have been fitted to a logistic
function by minimising the sum of squares of residual deviations of
the observed values. Table II gives the parameters of the curve
with their standard errors. From the values of the parameters, a
regression equation has been derived of the response in legits on
log-dose.
Fig. 5 shows the linear relationship between the reciprocal
of the dose and the reciprocal of either the peak or steady-state
responses (Sq. 4).
Fig. 6 is a composite plot of the data obtained from both
subjects. The dose is expressed per kg. body weight and the
responses as percentages of the maximal calculated response of
each subject.
Discussion
All the theoretical predictions which follow from Eqs. 3 and
4 appear to be well fulfilled by the experimental data.
Table II gives the standard error of the estimates, and the
agreement/
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agreement between the calculated and observed values gives an
indication of the goodness, of fit obtained. This fit indicates
that the results are consistent with the secretory model on which
the curve is based, but do not prove it, since, as has been noted
above, the results could also be fitted to other functions based
on other hypotheses of secretion. The goodness of fit, however,
rel'leots the accuracy which may be achieved in the collection of
juice from human subjects and the regularity of the response over
a period of many months in a subject conditioned to the procedure.
It will be noted that the difference between peak and plateau
response becomes greater with increasing doses of gastrin (Fig. 3)»
The volume output during the steady-state response when
plotted against log-dose also shows a fair fit to the logistic
function. Minimal extragastric contamination affects the volume
considerably more than it does the acid output.
The location parameter, which determines the lateral shift of
the whole curve, may depend in any single subject on the "reactivity"
of the parietal cell to stimulation and/or on the rate of disappear¬
ance of the stimulant from the tissues. It a pears from Fig. 6
that these factors are similar in subjects &M and JM since the
ED 50, or dose eliciting half the maximal response is almost
identical in both. This observation will gain further in import¬
ance when it becomes possible to estimate gastrin in body-fluids,
especially in blood and urine, and relate the response of an
individual/
individual stomach to the level of circulating gastrin.
The parameter which expresses the number of molecules of the
stimulant which combine with a secretory unit is represented by the
slope of the linear transformation of the logistic function
(Table II, b). This parameter mis calculated using the logarithm
of the dose to base 10. If it is calculated to base e, then it
will be seen to differ only slightly from unity. In terms of this
model, this could be interpreted as indicating that the rate of
the reaction between gastrin and secretory unit is mono-moleculer.
The final suggestion of Adam et al. (1954) may yet pr-ove
to be true - namely, "that the height parameter, is the chief, and
perhaps the only, parameter necessary to define gastric secretory
output..." The accumulated evidence on this score in man
and dog ^+ is impressive. The maximal secretory response,
elicited on activation of the entire secretory cell mass, becomes
the main and probably the sole discriminating measure between
individuals.
GASTRIN I CONTINUOUS INFUSION
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INFUSION OF GASTRIN AND HISTAMINE
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Figure 1J Plot of acid output in m£)q/20 rains# following continuous
infusion of graded doses of gastrin IX (subject J. M.) (Above)#
Figure 2: Upper graphs: the biph sic response to continuous infusion
of a near-maximal dose of gastrin# Lower graphs: the re¬
sponse to continuous infusion of 40 ug/kg of histamine.
Data from G. M, - closed circlesj from J. M, - open circles.
i
DOSE RESPONSE CURVES
DOSE RESPONSE CURVE (VOLUME : LOG DOSE)
GASTRIN n
Figure 3* Dose-response curves of acid output in raKq/hr. against
log-doee. Upper curvet peak output; lower curvet
plateau output (above).
Figure 4* Dose-response curve of secretory rate during the second























Figure 5» (above) Linear relationship between the reciprocals of dose
and response. Open circlesi plateauj closed circles« peak.
The data are the same as in figure 3 and 'fable I»
Figure 6: (below) Peak outputs of subjects JM and GM, expressed as
percentages of their respective maximal outputs, against the
dose per hour# The close correspondence of the values
indiea es that the location parameter is the aarae in both
subjects.
CHAPTER VI
SINGLE INTRAVENOUS ll'J CTIO'.'S OF GASTRIN
The preparation of pure gastrin made available for the first
time a potent secretory stimulant that could be administered by
prompt intravenous injection in man. Studies were therefore
undertaken on subjects JM and GM to investigate the pattern of
secretion and the dose-response relationships following this mode
of stimulation.
Net, ods
The general procedures were as outlined in previous chapters.
The dose of gastrin was dissolved in 10 mis of distilled
water. In the early trials, doses above 0.08 ug/kg were injected
slowly over a period of three to five minutes. This was made
necessary when a dose of around 0.25 ug/kg, injected rapidly,
produced a sinking abdominal sensation which appeared within one
minute and lasted for around five to ten minutes. Large doses,
however, of up to 1 ug/kg, could be given slowly over a period of
five minutes and repeated within ten minutes without eliciting any
unpleasant sensations.
As further experience was gained in the use of intravenous
gastrin, it was noted t at more attenti n should be paid to the
standardisation of the time over which the dose was delivered.
Doses of up to 0.25 u /k - were riven thereafter, slowly and evenly,
over a period of one minute, 'without discomfort.
SeveiV
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Seven experiments were performed on each subject. The
r-nee of doses employed in this study was 0,006 to 1.60 up/kg.
The order of the doses was rando rdsed and the intervals between
experiments were varied.
Six male ulcer patients (5 B.U», 1 G.U.) were also tested,
for purposes of comparison, with doses ranging from 0,10 to 0,15
ug/kg.
A, Pattern of Secretion following Single Intravenous Injections
of Gastrin
The character!sties of the response to single intravenous
injections of gastrin are best illustrated graphically. Figure
1 shows the response of subject GM to a total intravenous dose of
4 ug (0,06 ug/kg). Latency was virtually absent and peak
secretory rate was achieved within the second five-minute period,
while peak acid output was achieved five minutes later and maintain¬
ed for ten minutes. The secretory response lasted for nearly one
hour. This pattern of secretion could be reproduced over nearly
t e entire range of doses, except that with the larger doses
response lasted for up to 90 minutes.
Sampling of the juice at five-minute intervals allowed a good
estimate of peak response to a particular dose to be made. The
peak response was calculated from the peak ten-minute output, i.e.
the sum of the two consecutive highest five-minute outputs, and the




The pattern of response in the six ulcer patients was
identical to that of subjects GM and JM (Fig# 2).
Discussion
The secretory rate, acid output and hydrogen ion concentration
achieved their peaks in this order (Fig, l). This is because the
volume in the first two or three five-minute samples following
stimulation is, to a large extent, of non-parietal origin. This
question will be discussed more fully in the chapter dealing with
electrolytes,
Administration of gastrin by single intravenous injections,
results in a response which is the opposite extreme of a steady-
state response. It is imperative, in view of the rapidly changing
secretion, that the collection of juice be as accurate and as
frequent as possible, if a meaningful statement of kinetic and dose-
response relationships is to be obtained.
A short latency appears to be a property shared by gastro-
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intestinal hormones . Recent experiments by Amiare and
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Ginsburgh on rats demonstrated a short latency following intra¬
venous administration of crude gastrin extract and a virtually un¬
detectable latency following gastric intra-arterial administration.
The studies in Ejan confirm these findings. Following intravenous
injection of 3 of gastrin II over a period of 30 seconds in
subject JM, secretory flow was evident, within two minutes. The
volumes/
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volumes of the first three five-minute specimens were equal and
were followed by a slow decline (Fig. 3). If account is taken of
the circulation time from forearm to stomach, secretion would appear
to have started in less than a minute and a half.
The plot in Fig. 2 is designed to compare the patterns of
secretion in normal (G-M and JM) and ulcer subjects. In both groups,
mean acid output is expressed as a percentage of the respective peak
output. The secretory curves which result from this treatment may
be almost exactly superimposed. The close similarity in the shape
of the curves from the two groups reflects, in all probability, the
similarity in the patterns of distribution and metabolism of the
stimulant in various subjects.
All the subjects in this study were also tested with maximal
subcutaneous doses of histamine and/or gastrin. The response,
during the first half-hour, to the intravenous dose employed (0.10




The problem of establishing an accurate dose-response
relationship following single intravenous injections of gastrin
appears, at first sight, more complex than for continuous infusion,
A measure of acid output must be devised that could be related to
the/
the dose of gastrin, or more accurately, to the concentration of
the stimulant in the target organ.
59
Teorell , who formulated the kinetics of distribution of
a drug in the tissues following various modes of administration,
demonstrated that a prompt single intravenous injection oould be
considered as a limiting case of a subcutaneous injection in which
the resorption rate from a tissue depot is rapid. He derived two
conclusions. First, that the time of appearance of peak con¬
centration of a stimulant in the tissues for a particular dose, and
by inference, of peak response, is independent of the injected dose;
and second, that the magnitude of this tissue concentration and
response is proportional to the dose.
The general validity of the first conclusion with respect to
intravenous gastrin may be verified by inspection of Fig. 4. If
output is calculated in successive ten-minute periods, the highest
level, in all subjects and over the entire range of doses, in¬
variably appears in the second ten-minute period. The actual peak
output, i.e. the sum of the two highest consecutive five-minute
outputs, usually coincides in time and magnitude with this level,
but may on occasion occur five minutes later.
The validity of the second conclusion may be inferred indirect
ly from plotting the peak output against the logarithm of the dose.
For if this conclusion is correct, it should provide a quantitative
link between peak output and the injected dose of gastrin, and per¬
mit/
Date Dose ug. Log-dose. Peak output ntEq/hr. First 20' output mSq.
SUBJECT GM,. wt. 64 kg.
3. 4.64 100.0 2.000 36.00 7.9
3. 1.64 27.5 1.439 34.23 7.7
9.12.63 10.4 1.017 29.15 7.2
18.12.64 4.0 0.602 20.69 4.6
9.12.65 3.0 0.477 17.24 3.9
23. 2.65 2.15 0.332 14.60 3.8
9. 3.65 1.1 0.477 ' 8.43 2.2
SUBJECT JM., wt. 82 kg.
13. 3.64 50.00 1.699 52.14 12.8
11. 3.64 30.00 1.477 46.20 12.4
10. 1.64 18.80 1.274 45.12 12.9
6. 1.64 4.66 0.668 31.38 8.2
2.12.64 3.11 0.493 27.24 8.1
17. 4.6v 3.00 0.477 24.18 6.7
21.12.63 0.56 -0.251 7.38 1.6
TABLE I. Total intravenous doses of gastrin and the corresponding
peak outputs in iaEc/hr. in subjects GM and JM.
mit a fit of the secretory data to the same logistic function as
derived in the preceding chapter.
Experimental data:
Table I gives the doses and corresponding peak outputs from a
series of experiments in subjects GM and JM.
Fig, 5 shows a fit to a logistic function of the data obtained
from subject &M. A similar fit is obtained from the lata of
subject JM.
If the doses are expressed per kilogram body weight and the
corresponding peak outputs are expressed as a percentage of the
calculated maximal response of each subject, the two curves may be
exactly superimposed (Fig. 6).
Figure 7 shows the linear relationship expected between the
reciprocals of dose and response.
Discussion
The good fit of the data to a logistic function confirms the
prediction of Teorell regarding the relationship between peak output
and the intravenous close of gastrin.
Several important conclusions may be drawn from the dose-
response curves:
(l) It was noted in the previous chapter that when a
sufficiently high dose of stimulant is given, all secretory units
available for activation are considered secreting. This theor¬
etical level of secretion is represented by the asymptote of the
sigmoid/
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sigraoid dose-response curve and is an index of the secretory unit
mas and, by extension, of the parietal cell mass.
The maximal responses calculated from the asymptotes of the
dose-response curves following single intravenous injections are
36 and 54 mKq/hr. for subjects GM and JM respectively, and are
subsequently referred to as the calculated maximal responses.
These are identical with the calculated maximal responses for the
dose-response curveL=s described in the previous chapter and derived
from continuous infusion of gastrin. This is to be expected if,
as the model predicts, maximal response is essentially determined
by activation of all available secretory units independently of
how this is achieved. These maximal responses have, moreover,
been experimentally reproduced in both subjects over a short period
of 10 to 20 minutes by slow intravenous administration of a single
massive dose of gastrin (50 to 100 ug). They represent in all
probability the maximal secretory capaoity of the intact human
stomach to stimulation. It will be shown in a subsequent chapter
that no other stimulant or combination of stimulants could be found
that would induce a higher response.
(ii) The close correspondence of the curves derived from
the data of the two subjects (Fig. 6) indicates that their location
parameters are identical. This confirms the conclusions of the
previous ohapter that the distribution and metabolism of the
stimulant and the reactivity of the parietal cells to stimulation
are similar in different individuals.
It/
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It would appear from inspection of the curve in Fig, 6 that
the magnitude of the dose that would elicit half the maximal
response is of the order of 0.045 ug/kg + 0.005. A dose of
I ug/kp: is near-maximal and elicits a response around 95/ of the
calculated maximum.
(iii) Here, as in the previous chapter, the finding, in
both subjects, that the value of the parameter which expresses the
number of molecules combining with the postulated secretory unit is
close to unity, indicates that the rate of the reaction between
gastrin and secretory unit is mono-molecular.
(iv) It is of interest to note how very potent is gastrin
II when given in a single intravenous injection. Thus the
administration of a total of 1 ug in subject GM results in a
response which is around 20/ of the calculated maximum (Fig. 5).
If the level of circulating gastrin is responsible for the spontan¬
eous secretion of the intact human stomach (2.5 of the maximal in
both subjects), it must be of a very low order and corresponds, in
effect, to an intravenous dose of around 2.5uug/kg.
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(v) Recent experi ents by Johnston et al. appear to
show the presence following a meal of a stimulant in the blood of
human subjects. Re-transfusion in the same subjeot of 500 mis of
blood obtained post-prandially doubles the basal acid output for
a short period. If gastrin were responsible for the observed in¬
crease in secretion, the dose required to double the basal output
on the basis of the curves derived in this study, would be of the
order/
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order of 4 to 5uug/kg (around 0.25 to 0.30 ug total). This dose
should be present in the extracted volume of blood or 500 mis.
Assuming gastrin to be freely diffusible in total body water of
around 50 litres, and the 500 mils of blood a representative sample,
the endogenous release of gastrin would be of the order of 25 to
30 ug delivered into the circulation post-prandially. Assuming
further that antral release of gastrin is fairly rapid, 25 to 30
ug delivered .into the circulation should result in a near-maximal
response of over 90/-.
It thus appears probable t at the post-prandial response in
man is near-maximal, at least for a time. In addition, the vagal
effect of distension by a meal would probably lead to a synergistic
effect. The simultaneous administration of 5 mg of mechothane
subcutaneously in subject G-M was sufficient to raise the response
from a total dose of 6 ug of gastrin to nearly QCtfc,
(vi) It may be said, finally, that because of its simplicity
and accuracy, the method illustrated in this chapter is potentially
of great value in the investigation of gastric secretory function.
GASTRIN I.V. GM
Figure 1: (above) Pattern of response to intravenous injection of gastrin.
The blacked-out part represents the volume of the non-parietal
component.
Figure 2: (below) Mean acid outputs of subjects GM and JM (closed circles)
and six ulcer patients (open circles) expressed as percentages
of their respective peak outputs.
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Figure 5: (above) Short latency to intravenous gastrin*
Figure ki (below) Plot of peak output in nflSq/hr against the logarithm
of the total intravenous dose (subject GM)*
PEAK
w
BO IO 20 30 mins
Figure 5s The time of appearance of peak output in the second 10-minute
period is independent of the intravenous dose of gastrin.
-1 1 1 1 1 1 1 1 1 1—
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Figure 6: (above) Plot of peak outputs expressed as percentages of the
respective calculated maximal response against the logarithm
of the dose per kg. The location parameter (ED 50) is the
same in the two subjects.
Figure 7: (below) The linear relationship between the reciprocals of
dose and response. The intercepts on the vertical axis
represent the reciprocals of the calculated maximal responses.
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fflAPTEB VII
TOE KFrBCT OF SUBCUT/i "B-.US AP"1 "Id:T'"'ION OF GASTRIN II
The purpose of this series of experiments was (i) to study
the kinetics of secretion following subcutaneous administration of
gastrin, (ii) to evaluate the potency of gastrin in relation to
histamine and establish the maximal subcutaneous dose, and (iii)
to devise a stable and reliable measure of gastric secretory
activity.
Methods
The general procedures were as outlined previously. Since
the emphasis in this study was on acid output following maximal
stimulation, no effort was made to minimise salivary contamination.
Secretory tests were conducted on three sets of normal and
ulcer subjects:
(i) One normal and five duodenal ulcer subjects were each
given on different days, subcutaneous injections of 1|0 ug/kg of
histamine acid phosphate and 0.5 ug/kg of gastrin II. The injection
of histamine was preceded by the intramuscular injection of 100 mg.
of mepyramine raaleate.
(ii) Two normal subjects, GM and JM, and one duodenal ulcer
patient were given progressively increasing doses of gastrin II to




(iii) Sixteen subjects (6 D.U., 5 &.U., 1 P.A., and 5 normal)
were each tested on different days with 40 ug/kg of histamine and
2 ug/kg of gastrin II. All peptic ulcer patients had their
diagnosis confimed at operation. Subject 15 (Table A), a low
secretor, was a healthy male with no family history of disturbance
of gastric function or thyroid disease.
In all instances, gastrin was injected by a standard technique
into the lateral aspect of the right upper arm. An interval of at
least two days was allowed between tests on any single subject, and
the order in which the tests were carried out was randomised.
Spontaneous secretion was collected for an hour prior to the
test. Aspiration was continued for 70 minutes after histamine
and for 120 minutes after gastrin. During the test, 5-minute
collections were taken and pooled into samples corresponding to
10 minutes for purposes of titration.
The degree of biliary contamination varied with the individual.
Its appearance tended, though not invariably, to coincide with the
end of the first hour. Although the volume appeared to Increase
concomitantly the acid output was not significantly changed.
The first seven 10-minute samples in the case of histamine
and all twelve samples in the case of gastrin were titrated with
0.1N NaOH, using phenolphtaalein as indicator.
Two estimates of acid output were made in these studies:
(i) the total output in the post-stimulatoxy hour,
(ii) the peak hour output which was calculated from the second
20-minute peak output through multiplication by three.
Side-effects/
Side-effects
There was complete absence of side-effects on subcutaneous
administration with the whole range of doses of gastrin in every
subject tested. A few subjects had noticeable borborygmi and
increased passage of flatus during the latter stages of the test
and for one or two hours after.
A. Pattern of Secretion following Subcutaneous Administration
of 0.5 ug/kg of Gastrin
The characteristics of the response to this dose of gastrin
are illustrated in Figs. 1 and 2, ar.d Table I. The onset of
secretion was fairly rapid but the rate of increase was somewhat
more gradual than with histamine (Figs. 2 and 3)• The peaks of
volume and acid output were achieved simultaneously during the
fourth to fifth 10-minute period, that is some ten minutes later
than with histamine, and were followed by a slow decline.
Collection of the juice was carried out for two hours only. But
both the shape of the secretory curve and the level of secretion
at the end of the second hour - 60? of peak output - indicate that
stimulated secretion would have been maintained for much longer.
Despite the slower rise of secretion as compared with
histamine, the peak and post-stimulatory hour outputs achieved
under both modes of stimulation were substantially similar (Table i).
Table II gives the mean values for the six subjects tested and
provides a summary of the findings.
B./
Table I. Acid output in mEq. per 10 yLn. in 6 subjects following
subcutaneous administration of gastrin II 0.5 ug. per kg. and
histamine acid phosphate 1*0 ug. per kg.
Values underlined represent peak values of aoid output per 10 min.
Subject No.











2 3 4 5
38 39 38 18





47 39.5 52.5 27
33 32.5 45.5 25
298 254 312 162
















Post-histamine hour 50.00 36.38 29.97
"Peak hour" 57.78 41.04 33.46
Gastrin 0.5 ug/lcg s.c.
Aoid output (hEq/10 rains)
1 1.92 2.97 1.21
2 7.75 5.56 2.07













8 8.51 5.74 6.26
9 6.21 5.74 6.92
10 6.32 5.71 6.52
11 6.66 5.24 6.03
12 6.02 5.01 6.00
Post-gastrln hour 45.38 37.28 29.20











































TABLEII.canacidoutput,secretoryr nconcentrati n per10minutesfollowingsubcutan ousadministration of0.5ug/kgfgastrin(left)and40/hist mine(ri ht).


































































B. Maximal Suboutaneous Dose of Gastrin
The peak response to 0.5 ug/kg of gastrin, thou^i sub¬
stantially similar in magnitude to the peak response after
stimulation with histamine, does not represent the maximum of whioh
the stomach is capable in response to gastrin. It is clear from
Fig. 4 and Table III that the post-gastrin hour outputs were higher
with 2 ug/kg than with n.5 ug/kg or 1 ug/kg. All six subjects
tested with 0.5 ug/k of gastrin were subsequently tested with
2 ug/kg and invariably showed a rise in acid output of around
10 to 15$#
In an attempt to establish the dose of subcutaneous gastrin
that would elicit a maximal response, increasing doses of up to
4 ug/kg were given to three male subjects. Responses to 3 and
4 ug/kg were essentially similar to the response obtained from
2 ug/kg (Fig. 4)» It thus appears that 2 ug/kg of gastrin
represents the suboutaneous dose that would elicit the highest
secretory response.
C. Maximal Subcutaneous Responses to Gastrin and Histamine
The relationship between the maximal subcutaneous responses
to gastrin and histamine were studied in detail in 16 subjeota.
Pattern of response to 40 w/kp of histamine:
Despite the extensive use of histamine, the features of the
secretory curve whioh follows administration of this stimulant are
still/
TABLE A. Ten minute acid outputs (mEq) after subcutaneous administration of 40 ug. per kg,
of histamine acid phosphate and 2 ug, per kg, of gastrin II.
No. 1 2 5 4 5 6 7 8 9 10 11 12 13 14 15 16
DU GU DU DU DU N GU N N DU GU GU GU DU N PA
Sex M M M M M M M M F F M F F F X F
Age 54 44 42 51 30 30 59 35 46 23 53 26 54 55 30 67
Wt.(kg.) 77 77 77 34.5 72 84 62 68 60.5 48.5 62 44 56 53.5 82.5 71.5
Histamine 1*0 ug./kp. 3«C» Acid output raEq/10 tains.
4.20 5.13 1.08 4.18 3.00 2.00 3.27 1.55 0.90 2.60 0.40 2.31 0.26 0.82 - *
8.86 8.36 7.51 6.51 5.30 4.40 5.19 3.48 3.24 3.60 1.00 2.37 1.20 1.28 0.10 -
10.22 9.51 7.56 6.90 7.14 6.83 5.58 4.26 3.41 3.50 2.34 2.80 1.71 1.52 0.43 *■>
10.40 9.75 7.97 6.78 7.06 6.81 5.57 4.07 3.53 3.02 2.51 2.60 1.79 1.61 0,28 -
10.32 8.46 5.45 6.16 7.00 6.98 5.58 4.16 3.43 2.70 2.95 1.79 1.69 1.48 0.17 -
8.21 8.79 3.90 5.85 6.35 6.90 4.78 3.45 1.82 1.62 2.53 1.24 1.75 1.24 0.08 «•»
8.67 8.47 3.00 3.81 5.59 5.78 3.55 2.41 1.29 0.97 2.41 1.24 1.51 1.22
Hour 52.21 50.00 33.47 38.38 35.85 33.92 29.97 20.97 16.33 17.04 U.73 13.11 8.40 7.95 1.06 -
Peak 61.88 57.78 46.08 41.04 42.40 41.28 33.46 24.98 20.74 20.24 15.98 16.20 10.41 9.22 2.13 -
Gastrin 2 ug./kg. a. c. Aoid output in mEo/lC mius.
5.02 4.95 0.27 3.23 4.73 1.72 2.38 0.81 0.63 0.94 0.72 0.12 0.44 0.44 -
11.17 10.65 6.88 7.80 6.67 6.25 6.15 4.10 4.17 2.92 1.88 1.61 2.02 1.00 - -
11.39 11.49 9.31 8.32 7.93 8.06 7.79 5.46 4,30 4.46 4.06 2.61 1.61 1.49 0.07 -
10.23 10.20 8.83 8.12 7.78 8.20 7.80 5.41 4.79 4.26 4,39 3.12 2.05 1.98 0.46 «r-
10.23 10.20 8.83 7.95 7.92 8.20 7.29 4.63 4.00 3.86 3.99 3.86 2.56 1.95 0.67 -
10.19 10.08 8.63 7.95 7.10 7.01 7.48 4.62 4.10 4.26 3.91 2.74 1.81 1.87 0.80 -
10.14 9.58 7.99 6.51 6.40 7.50 7.05 4.25 3.81 3.71 3.76 2.71 2.24 1.87 0.88 —
Hour 58.23 57.57 42.75 43.37 42.13 39.44 38.89 25.03 21.99 20.70 18.95 14.06 10.49 8.73 2.00 -
Peak 67.68 66.42 53.40 48.51 47.26 48.92 46.77 32.61 27.27 26.16 25.35 20.94 13.83 11.51 5.04 -
TABLE B. Ten minute volumes following subcutaneous administration of 40 ug. per kg
of histamine acid phosphate and 2 ug# per kg. of gastrin II,
No. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
DU GU DU DU DU N GU N N DU GU GU GU DU N PA
Sex M a M I M M X M P F M F F F X F
Age 54 44 42 51 30 30 59 35 46 23 53 26 54 55 30 67
Wt,(kg.) 77 77 77 84.5 72 84 62 68 60.5 48.5 62 44 56 53.5 , 82.5 71.5
17



















































































































































TABLEIV.Meansofthedataf1*0151Tabl sAnd.B; gastrin2ug/kg(lef ),histamineAOu /kg(right
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still the subject of much controversy. Although the main
discussion of this problem is deferred to the section on the
kinetics of secretion, the following observations my be made.
The onset of secretion following histamine is rapid. The
volume and concentration of the first 5-minute specimens are in¬
variably higher than the corresponding basal specimens, and the
long latency to this stimulant described in animals is not a
feature of its action in man. Peak volume and acid output are
attained simultaneously in the second 20-minute period following
stimulation, and the decline of secretion from this level is fairly
-4 £v-
rapid (Fig. 5 and Tables A and B).
Pattexn of response to 2 ug/kg of gastrin:
As with histamine, the onset and rise of secretion following
V =
this dose of gastrin are rapid. The peak3 of volume and acid
outputs are again clearly evident in the second 20-minute period
following stimulation (Figs. 5 and 6). The decline of seoretion,
ho ever, is more gradual than with histamine. The output at the
end of two hours is usually around 75% of peak response and
stimulated secretion lasts for up to 3 to 4 hours.
The responses obtained from 16 normal and ulcer subjects are
listed in Tables A and B. The series is recorded in declining
order of magnitude from left to right. The acid output was calcul¬
ated in the two ways already described and the values are recorded
for/
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for the post-stimula Dry and peak hours for each subject following
gastrin and histamine, Table IV from which fig, 5 was plotted
gives the means of acid output, secretory rate and concentration
per 10 minutes for this series. Subject 16, a proved case of
pernicious anaemia, responded to gastrin by producing a few
raillilitrcs of an alkaline fluid with high sodium concentration.
Discussion
It is clear from the data obtained in this study that sub¬
cutaneous stimulation by histamine in a dose of 1*0 ug/kg does not
elicit the maximal response of which the human stomach is capable,
67
This is confirmed by the work of Lawrie et al. on the intra¬
venous infusion of this stimulant. What i+0 ug/kg represent is
the maximal effective dose of histamine when delivered by sub-
68
cutaneous injection . The same conclusion applies to gastrin
delivered by subcutaneous injection in a dose of 2 ug/kg.
Fig. 7 shows the relationship between the acid output for
gastrin and histamine during the hour following stimulation.
Fig. 8 shows the relationship between the peak hour outputs follow¬
ing both stimulants. The linear regression functions obtained
from the data in Figs. 7 and 8 are closely similar, and a combined
regression using the post-stimulatory and peak hour values is shown
in Fig. 9. A similar combined regression for secretory rete
(volume output) is shown in Fig. 10.
Inspection/
'52.
Inspection of the linear regressions in Figs. 9 and 10 shows
the close correlation between the variables. From this finding
two inferences may be drawn: (i) that a particular stomach respond¬
ed in a closely similar way on the different occasions it was
examined, and (ii) that there are no notable differences beteeen
individuals in the way the stimulants elicit secretion.
That the maximal concentration achieved under both modes of
stimulation must be virtually the same is confirmed by comparing
the slope relating secretory rates from the two stimulants with the
slope relating acid outputs. This is further confirmed by in¬
spection of the mean concentration values in Table IV. This con¬
clusion is only of general validity since salivary contamination
in this study may have masked a slight tendency to higher concen¬
tration in the histamine samples (see chapter on electrolytes).
The relative effectiveness of gastrin as a secretory stimulant
compared to histamine can be judged from Figs. 5 and 9, when it will
be seen that gastrin produces an appreciably greater response from
the stomach of the order of more than 10/?. The correlation between
these two methods of stimulating secretion, however, is highly
significant. This appears to mean that all the data obtained in
the past with histamine in maximal subcutaneous doses a e still
valid, and in no way outdated by the more potent gastrin. If the
effectiveness, in terras of equal response of gastrin to histamine
base, are compared weight for weight, it 3eems that gastrin is some
thirty times more effective. If, however, the comparison is made
on/
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on a molar basis, then it seems that gastrin is some five hundred
times more effective than histamine.
As a secretory stimulant, gastrin has clear advantages over
histamine combined with an anti-histamine, since only one injection
is necessary, no side-effeots have been observed, and the soporific
effect of the anti-histomine is avoided. Unless abnormal secretory
conditions are encountered where histamine and gastrin fail to pro¬
duce roughly equivalent effects, so that it becomes necessary to
give both stimulants, the use of histamine with an anti-histamine
as a secretory stimulant is likely to be abandonned if gastrin or
one of its more potent analogues becomes readily available
commercially. In two years' experience with the stimulant, and in
the present series of normal and ulcer subjects, no such divergent
action has been encountered.
If gastrin is used as a secretory stimulant, then subcutaneous
administration provides in the post-stimulatory and peak hour out¬
puts accurate mea ures of gastric secretory activity.
I), Kinetic and Dose-response relationships following Subcutaneous
Administration of Stimulants
The purpose of secretory tests is to provide a stable and
discriminating measure of the functional capacity of the stomach.
The emphasis in this statement is on the ability of a secretory test
to provide a repeatable index rather than an absolute measure of the
utmost capacity of the stomach to secrete. Before this problem
oar/
"$1#-
oan be resolved and the numerous misconceptions surrounding it
dissipated, attention must be paid to the kinetics, or time-output
relationships, of secretion.
The determinants of peak response:
59
According to Teorell , the passage of a drug across tissue
boundaries may be regarded as occurring in a series of consecutive
processes obeying Fick's law of molecular diffusion. The scheme of
distribution my be described as follows:
k» k_ k-
■ ' "Blood" ■ i. it... i Tissues -si-Depot i— " l " —-— i —*— Tissue inactivation
*5
Elimination
All these processes are controlled by rate determining con¬
stants, to k,.. Thus the passage of a drug from depot to blood
(blood being taken here to include the volume of interstitial fluid)
is a unidirectional process dependent on the resorption rate. In¬
activation in the tissues and elimination by the kidneys are ir¬
reversible processes determined by the prevailing concentrations in
the tissues and blood respectively. Blood-tissue passage is bi¬
directional and determined by the prevailing concentration difference
in these two compartments.
Following subcutaneous administration, the drug accumulates
rapidly/
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rapidly in the blood during a short initial period. The con¬
centration soon reaches a maximum and decreases rather slowly
and almost exponentially. Maximal tissue concentration is dis¬
tinctly lower and is attained at a much later time. As a rule,
the slower the resorption rate (k^ diminished), the lower the con¬
centration in the blood and tissues and the later the concentration
maximum appears. The exact mathematical relations are not easy to
express for the general case, but may be obtained clearly cut for
somewhat simplified conditions. The equations resulting from this
treatment are as follows:
where D represents the subcutaneous dose, and t max and. y max, the
time of appearance and the height of the maximal blood concentration
respectively.
It is clear from Eq. 1 that the time of appearanoe of maximal
concentration is independent of the dose, but conditioned by the
rates of resorption (k^) and elimination (k^). Any diminution in
the resorption rate causes the maximum to appear later.
From Eq. 2, it may be deduced that the maximal concentration
is directly proportional to the injected dose and approximately
directly/
t max = -2*2 1or >£




direotly proportional to the resorption intensity and inversely
to the elimination intensity. These conclusions may be extended
to the tissue conditions the .acre rapidly the tissues take up the
drug. It will be recalled that similar conclusions had been
arrived at for the ease of intravenous administration of a stimulant
and their validity attested by the good fit of the secretory data.
The pattern of secretory response follows closely the pattern
of distribution of the stimulant in the tissues* Following sub¬
cutaneous injection of a stimulant, one of the essential factors
which determine the shape of the tissue concentration curves is the
rate of resorption. This factor, which is absent in the case of
intravenous injection, is not always easy to control (siting of the
injection, degree of adiposity, intensity of local blood flow), and
engenders fluctuations in the shape of the secretory curves. The
experimental data, however, show that the general validity of the
l
conclusions from Eqe, 1 and 2 is unimpaired. Thus, the time of
appearance of peak output was in the second 20-minute period following
subcutaneous administration cf 1,2,3 or 4 ug/kg of gastrin. It was
mentioned earlier that peak output following administration of
0,5 ug/kg of gastrin tended to occur some ten minutes later than with
the higher doses. Increased ionisation which accompanies the low¬
est dilutions of this stimulant may affect the resorption intensity
and explain the observed delay.
"he delay in the appearance of peak response following
administratior/
-57-
administration of even large doses of histalog may well be related
to the intensity of its absorption and elimination.
r-r g.
The data obtained by Marks, Komarov and Shay ' in dogs
confirm the findings in man. Despite a 6V*fold increase in the
dose of subcutaneous histamine, the time of appearance of peak out¬
put was virtually unchanged,
/IT /f i
The data from the same authors '+ further confirm the con¬
clusions derived from Eq, 2, namely, the relationship between peak
output and the subcutaneous dose of the stimulant. In this study
on man, no attempt was made to obtain a precise relationship
between peak output and the subcutaneous dose of gastrin. More
empiiasis was placed on establishing the dose of gastrin that would
elicit the highest possible response from the stomach.
The output expected from intravenous injection of 2 ug/kg is
around 5)6 to 3&/c of the calculated maximal output (Fig, 6,Ch. VI).
The peak response to suboutaneous injection of 2 ug/kg of
gastrin in subjects GM and J! is between 90 and 92?®. It is doubt¬
ful whether, at this level, even a substantial increase in the
subcutaneous dose would result in more than a fractional increase in
output. In fact, subcutaneous administration of 3 to k- ug/kg
resulted in an output which was virtually indistinguishable from
that following 2 ug/kg. In this sense, 2 ug/kg could be defined
as the maximal subcutaneous dose of gastrin, and the peak output
which it elicits as the maximal suboutaneous response. This
response, close on 90?;', can, thus, be considered a reliable and
stable/
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stable function of the maximal capacity of the stomach to secrete
in response to exogenous gastrin. If the peak response of various
subjects to 2 ug/kg of gastrin is taken as 90/- and their peak
responses to various doses calculated proportionately, a fairly
good subcutaneous dose-response curve may be obtained (Fig. 11).
It is clear from the foregoing that the three features which
describe a seoretory peak are its time of appearance, its
magnitude and its duration. The duration of peak response varies
with the mode of administration and is longer with continuous
infusion (20 to 40 minutes) and subcutaneous injection (20 minutes)
than with prompt intravenous injection (10 minutes).
While all three features may be influenced by variations in
the resorption rate, the main source of error in the estimation of
a secretory peak arises from inaccurate collection. For example,
it was noted above that peak response occurred during the second
20-minute period following stimulation by 2 ug/kg of gastrin or
40 ug/kg of histamine. On examination of the data from 4-5 gastrin
tests and 29 histamine tests, it was seen that only QOfo of the
cases in each series showed a peak output in the second 20-minute
period. The remaining 20^ showed a peak output in the third
20-minute period, but the excess output in this period over the
second was never more than 0.5 mEq for histamine and 1 mEq for
gastrin and usually much less. On closer inspection of the five-
minute volume outputs in these cases, it was clear that an error of
collection was responsible for the discrepancy. Errors of
collection/
59
collection tend to have a sequence in which undercollection is
followed by overcollection. If 0.5 m3£q is taken arbitrarily as
the limit of error that may be attributed to miscollection, then all
histamine tests and all but three of the gastrin tests show a peak
output in the second 20-minute period.
Besides altering the timing of a peak, errors of collection
produce a spurious extension of its duration and lead to an under¬
estimate of its magnitude. That is why the key to accurate
measurement of peak response as an index of gastric secretopy
activity lies in the frequent sampling of the juice.
Alternative measures of secretion:
A number of alternative measures of gastric secretory activity
have been proposed over the last fifteen years by various workers.
68
Kay measured maximal response to histamine between the 15th and
the 45th minute following stimulation. Baron 69,70 , who noted
considerable fluctuations in the timing of the peak when 15-minute
collections were used, took the sum of the two highest consecutive
15-minute outputs as indicating "peak acid output" (P.A.O.).
67
Lawrie et al. introduced histamine by continuous intravenous
infusion and elicited a higher response than with suboutaneous
injection. Card and Maries collected the juice over the whole
post-stimulatory hour and devised the "maximal acid output" or M.A*0.
as the measure most likely to minimise errors of collection.
The theoretical foundations for all tnese measures have been
lacking/
TABLE V. Correlation coefficients for the regression of
the outputs in one 10-minute period on the out¬
puts in the subsequent 10-minute period.
Correlation coefficients
10-minute period Gastrin Histamine
1st versus 2nd 0,854 0,827
2nd versus 3rd 0,973 0,972
3rd versus 4th 0,998 0,997
4th versus 5th 0.990 0,973.
5th versus 6th 0,987 0,948
6th versus 7th 0,989 0,950
-60-
lacking and their validity rests, in the main, on statistical
evidence. Further analysis of the kinetics of secretion, however,
discloses a number of important features and displays the inter¬
relationships of these various measures.
It will be observed that all these measures have been derived
from various components of the secretory curve. The question that
must be asked is to what extent these components, as represented
by the successive periods, are related to each other, to the peak
response, and to the output of the whole hour. It may, for example,
be asked whether the secretory curve in Fig, 5, which is derived
from the mean outputs of a series of 16 subjects (Table A), is a
representative curve, or whether some subjects show notable
deviations from its course.
The relationships of the outputs from successive 10-minute
periods following histamine and gastrin are portrayed in a series of
plots in Figs. 12 and 13, The 45 degress line is dra??n for pur¬
poses of visual clarity and the progress of the slope with respect
to it indicates the rise and decline of secretion. Table V gives
a summary of the results. It is clear from the highly significant
correlations obtained that the secretory curves, and hence the
patterns of distribution and metabolism of the stimulant, in
different individuals, are closely similar.
The inference from these findings is that all measures of
secretion derived by summation or other manipulations of the
successive collection periods may be considered as related indices
of secretion provided it is clearly recognised that they are
functions/
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funotions and not absolute measures of gastric secretory capacity.
The value of any single measure will approach the value of peak
response depending on which segment of the secretory curve it was
calculated from.
Unlike peak response, which because of its high level is the
least variable element of the curve, the other measures, derived in
part from either side of the peak, are subject to minor variations
from fluctuations in the background vagal tone or the rate of
resorption of the stimulant. The influence of this latter factor
is seen in the somewhat greater degree of variability in the output
of the first 10 minutes following stimulation (Figs, 12 and 13),
The influence of background vagal tone is most evident during the
second hour following, stimulation by gastrin. The upper curve in
Fig. 11+ is derived from the outputs of normal and ulcer subjects
tested for the first time and in whom, it has often been noticed,
spontaneous secretion was high. The lower curve is derived from
the outputs of subjects JM and GM in whom spontaneous secretion
was either absent or reduced to very low levels. Administration of
meehothane to subjects J*' and GM had no effect on the peak response
during the first hour, but tended to shift the shape of the curve
upwards during the second hour to approximately the same level as
the upper curve. It is probable that the influence of a higher
background v gal tone in normal and ulcer subjects tested for the
first time is responsii le for keeping the response to the falling
level/
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D.U. 8.3 10.3 17.0 20.2 22.4 29.3 35.5 42.0 44.6 52.3
G.U. 8.4 10.4 15.3 21.3 24.3 29.2 34.3 41.6 45.1 52.6
N 1.5 3.5 17.1 22.2 21.9 26.5 34.8 42.5
APP 5.6 7.6 15.8 21.4 22.5 27.9 34,8 42.0 44.7 52.3
TABLE VI. The hour (H) and peak fp) outputs from all










62.0 74,7 75.4 80.7 81.9 91.1
62.4 76.2 77.5 94,7 83.6 95.7
62.9 67.8 78.4 98.4
Will 11 1 '
53.5 62.5 62.4 72.9 77.1 91.3 82.7 93.4
52.5 57.4 - - -
53.3 61.2 62.4 72.9 77.1 91.3 82.7 93.4
gastrin and histamine tests. Points above
s above the green line are from G.IJ. patients.
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level of gastrin during the seoond hour at a high level. This is
further revealed by the striking linear relationship between the
responses of the first and seoond hours, r « 0.99k» n = 13 (Fig 14-).
If the value of peak response as oaloulated from the second
20-rainute period is compared with the value of the post-stimulatory
hour following gastrin and histamine, a highly significant cor¬
relation is obtained (Fig. 15, Table VI). The interest of this
finding i3 that it provides an important link between theoretical
foundation and experimental fact. The significance of peak or
maximal subcutaneous response is that it is a stable and close
function of the calculated maximal response, whioh in turn is
dependent on activation of all the secretory units in the stomach.
The significance of the post-sti lulatory hour response, in this
62
context, is that it has been shown by Card and Marks to cor¬
relate closely with the parietal cell population of the stomach.
Thus the conclusions of the preceding chapters are rejoined and
confirmed, that the final discriminating parameter between
individuals is the size of their parietal cell mass as manifested
in their maximal acid outputs. Despite the overlap which is
expected from the normal spread in a population, the only feature
that appears to distinguish duodenal ulcer patients is the larger
size of their stomachs (Table VI),
If the means of deoades of acid output are plotted against
the means of the corresponding body weights, a highly significant
linear correlation is obtained (Fig. 16). The inference from this
is/
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is that the parietal cell mass is closely related to the total
body cell mass, and that any simple and accurate measure of body
cell mass may prove to be a reliable index of gastric activity.
If what distinguishes a duodenal ulcer patient is merely a
mere than average weight, the question may justifiably be asked
whether duodenal ulceration is simply a manifestation of
disordered growth#
ACID AND VOLUME OUTPUT FOLLOWING S. C. GASTRIN O S/ig/kg
Figures 1 and 3: The patterns of response in six subjects to subcutaneous
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Figure 2: Mean acid output per 10-minute periou following subcutaneous
administration of 0,5 ug/kg of gastrin (closed circles) and
ItO ug/kg of histamine (open circles) in six subjects.
Data from Table II,
SUBJECT DOSE OUTPUT m. Eq OUTPUT m En
Post-eastrln hour. Peg* period.
A. NORMAL '/i ug/kg s. c. 19 26
(64 kg.)
2 ug/kg s. c. 25.8 32,8
4 ug/kg s. c. 25 32,6
B. NORMAL 1 ug/kg s. c. 29. 5 42. 3
(84. kg.)
2 ug/kg s.c. 40. 2 50 4
Maximal Infusion I. V. 41.1 5.U1
I. M. 1 ug/kg 38. 2 49. 0
I. M. 1.5 ug/kg 38.0 48. 5
C. D.U. 2 ug/kg 57. 2
(77.5 kg.)


































Table ill, Figure k: The responses of 3 subjects to increasing doses
of gastrin.
Figure 5i (above) Mean acid output per 10-minute period following
subcutaneous administration of 2 ug/kf of gastrin (closed circles)
and 40 ug/kgr of histamine in 16 subjects. Data from Table IV.
Figure 6: (below) Representative responses following 2 ug/kg of gastrin
(taken from Tables A and B).





ACID AND VOLUME OUTPUT FOLLOWING 2/jq/kg
GASTRIN It S. C.
OUTPUT
MEAN ALL SUBJECTS
ACID OUTPUT HISTAMINE / ACID OUTPUT GASTRIN
(FIRST HOUR OUTPUT)
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PEAK ACID OUTPUT mEq / hour GASTRIN
Figure 7: (above) The relationship between the post-stimulatoxy hour
outputs of gastrin and histamine.
Figure 8: (below) The relationship between the peak hour outputs
of histamine and gastrin.
ACID OUTPUT HISTAMINE /GASTRIN




9: (above) Co.bined regression of the post-stimulatory and
peak hour acid outputs for histamine on the corresponding
values for gastrin. Data from Table A.
10: (Belcrc) Combined regression of the post-stimulatory and
peak hour volume outputs for histamine on the corresponding
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S. C. DOSE ug kg.
11: Subcutaneous dose-response curve.. The peak responses from
various subjects are expressed as percentages of their
maximal response.





Figure13:Thacido tputsnten-minuteperiodlo teagainsttho putsisubsequenteriod.Th diagonalsdrav?nt45degrees.Thequalitybetw ent outputsfhirdaf thp rio isapparent.DatafromT bleA
GASTRIN S.C.

















Fimre 14: (above) The 20-minute outputs expressed as percentages of the
respective peak outputs (i) from subjects CM and JM (closed circles)
and (ii) from 13 ulcer and normal subjects tested for the first
time (open circles). The plot on the left side shows the
relationship between the first and second hours in the two groups.
Figure 16: (below) The means of decades of acid output following histamine
plotted against the means of the corresponding body-weights.
90-
Figure 15 (a)* The relationship between the post-stimulatory .and peek
hour outputs#
Y = 0.877 X - 1.6 j r = 0.991 j n * 72
RELATIONSHIP BETWEEN THE POST STIMULATORY HOUR
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Figure 15 (b): (above) The relationship between the poet-stimulatory and peak
hour outputs for the series in Table A. The regression
equation is nearly identical with that for all. the data in Fig, 15a»
Figure 15 (0)S (below) The means per decade of output of the data portrayed
in Figure 15 (a).
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CHAPTER VIII
THS EFFECT Or GCMB1HATIOMS OF STDffJT.ANJS ON
GASTRIC ACID KRCRTgPTON IN Z\H
In the comparative study of acid secretory responses in mn,
two important measurements against which all data are to be inter¬
preted must, first be established with sufficient accuracy, namely,
a base-line representing a reproducible and near-constant spontan¬
eous secretion, and the maximal capacity of the stomaoh which is
defined by the value of the calculated maximal response following
stimulation by intravenous gastrin. These two measurements were
obtained in subjects JM and GM (Ch. 131 to VI), and made possible
the study of the effects of various combinations of stimulants.
The object of the study was to determine the extent of syn¬
ergism between various stimulants of acid secretion and to confirm,
further, the conclusion of the previous chapters regarding the
parietal cell mass as the main determinant of maximal secretory
response.
Methods
The problem was approached in two ways:
(i) A series of identical experiments, often repeated, were
conducted on each subject, in which various combinations of gastrin,
histamine and mechoth&ne were administered subcutaneously. The
dose levels used were usually those known to elicit a "maximal"
response by t-iis route, that is, 2 ug/kg for gastrin, 40 ug/kg for
histamine/
-65-
histamine, 200 mg for histalog. These responses are subsequently
referred to as the maximal subcutaneous responses. The following
series of testa was performed:
Gastrin, 2 uif/kg s.o.,
Histamine, l£) ug/kg s.c.,
Histalog, 200 mg s.c.,
Gastrin, 2 ug/kg s.c. plus histamine itO ug/kg s.c.,
administered simultaneously,
Gastrin, 2 ug/kg s.c. plus meohothane 5 mg s.c.,
Gastrin, 2 ug/kg s.c. plus mechothane by continuous
infusion throughout the test in a dose of 5mg/hr
- Histamine, kO ug/kg s.c, plus mechothane 5 rag s.c.
Subcutaneous mechothane was always administered 20 minutes
prior to the test. The peak of parsympathetic activity as
determined by 10-minute collections of saliva was clearly evident at
the end of 20 minutes and coincided with the start of the seoretory
test.
Smaller dose levels of histamine and gastrin were also used
and will be described in the appropriate sections.
Thirty-eight tests in all were performed, equally distributed
between the two subjects. The tests were adequately randomised
and ranged over a period of 20 months.
At the close of this series, the sera of both subjects were
tested for the presence of antibodies to gastrin II by the method
of Ganguli and Hunter , and found to be entirely free (personal
communication)./

























































































(ii) The synergistic effect of gastrin and mechothane was
further investigated by constructing a dose-respon3e curve for
the combined effect of both stimulants. Four separate tests were
performed on subject GM. Gastrin was given in single intravenous
doses of 2,3*4- and 15 ug respectively on the same background of
mechothane (5 sig subcutaneoualy, 20 minutes prior to the test).
A. The Secretory Response to Various Combinations of Stimulants
The peak responses from which comparison was made were
calculated as indicated in Chapters IV to VI. The results are
summarised in Table I and Fig. 1 and expressed for purposes of
comparison as percentages of the calculated maximal responses of
subject JM and GM respectively, which are thus taken to be 100.
(i) Intravenous administration of gastrin: It was
indicated earlier that the calculated maximal responses following
continuous infusion of gastrin were identical with those following
single intravenous injections, and that they could be reproduced
experimentally, by the intravenous injection of a single massive
dose of gastrin,
(ii) Infusion of histamine or histamine plus mechothane;
The maximal response to continuous infusion of 40 ug/kp/hr of
histamine which appears in the last 20 to 30 minutes of the
second hour, is only 88$ of the calculated maximal response to
gastrin. Its level, however, is identical with the level of the
maximal response to continuous infusion of 20 ug/kg/hr of
histamine/
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histamine plus 3 mg/hr of mechothane, from which it can be inferred
that the combination of histamine and mechothane is synergistic.
(iii) Subcutaneous gastrin plus histamine; The combination
of gastrin and histamine is also synergistic at the lower dose
levels. Thus, the response of subject CM to maximal subcutaneous
histamine plus 0.25 ug/kg of gastrin was higher than the response
to maximal subcutaneous histamine alone. When, however, the
maximal subcutaneous dose of gastrin was administered simultaneous¬
ly with the maximal or half the maximal dose of histamine, the
response (92/?) was not higher than that elicited by maximal sub¬
cutaneous gastrin alone (91/0 .
(iv) Subcutaneous gastrin plus mediothane; The administrat¬
ion of mechothane, subcutaneously prior to the test, or by con¬
tinuous infusion throughout the test, appeared to have no effect on
the maximal subcutaneous response to gastrin. When t e effect was
re-investigated using low intravenous doses of gastrin a distinct
synergistic effect could be demonstrated (Fig. 4-).
(v) Subcutaneous histamine plus raeohothane; In contrast,
prior administration of mechothane distinctly raised the sub¬
cutaneous maximal response to histamine to a level (Si£5) very near
that achieved by continuous infusion of histamine (88 Figs* 1 and
2).
(vi) Subcutaneous histalog: The maximal response to
histalog (Fig. 2), is 78', that is, in between the maximal sub¬
cutaneous gastrin and histamine responses. It bears the same
relationship/
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relationship to the maximal subcutaneous histamine response as has
72
been previously demonstrated Ward et al. .
Discussion
The demonstrable difference between the response of the in¬
tact human stomach to gastrin and histamine does not necessarily
indicate an intrinsic difference in the response of the parietal
cell to the3© stimulants. Similar differences have been encounter-
73
ed in the rat * • If it is accepted that gastrin acts by
7k 6l
releasing histamine , then, as Kahlson points out, the
difference may represent an intracellular mobilisation of histamine
in proximity to the receptor sites, thus achieving a higher local
concentration than is possible with histamine reaching the
secretory cell from the outside. Inequalities in the rates of
elimination and inactivation of the stimulants may also establish
differences in their local tissue concentrations.
Since no dose-response curves were constructed for the effect
of continuous infusion of histamine, it cannot be firmly concluded
that the response obtained, or 88/;corresponds to the maximum
theoretically possi le following stimulation by histamine.
The subcutaneous responses to the highest doses and to various
combinations of all stimulants were invariably lower than the intra¬
venous responses. Subcutaneous administration may not achieve
equivalent local tissue concentrations of the stimulant, and this
may provide an explanation for the somewhat lower responses achieved
under/
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under this mode of stimulation.
The synergistic effects between gastrin and histamine and
between histamine and mechothane were dearly evident and confirm
58 75
similar findings in animals ' . The synergistic effect
between gastrin and mechothane, however, was more difficult to
elicit at the high dose of gastrin used. At the level of the
gastrin response (90 to 92;*')9 & synergistic effect is probably
minor and not easy to detect.
The low background tone, indicated by the absent or low
spontaneous secretion in the two subjects, was probably responsible
for the somewhat low subcutaneous histamine responses obtained and.
served to unmask the synergistic effect of meehothane on sub¬
cutaneous histamine. The responses of subjects with higher back¬
ground vagal tone lie in between the subcutaneous histamine
response and the response to subcutaneous histamine plus mechothane.
The implication of these findings with respect to secretory tests
is that the effects of fluctuations of background vagal tone are
likely to be less pronounced on the higher subcutaneous gastrin
response than on the subcutaneous histamine response.
Finally, the highly significant correlation between the post-
stimulatory and peak hours established for gastrin or histamine
administered singly, can also be shown to exist following ad¬
ministration of various combinations of gastrin, histamine and
mechothane (Fig. 3).
B. The Relationship between the Responses of the Two Subjects
Maximal stimulation, implying, as it does in this context,
activation/
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activation of all available secretory units following a certain
mode of administration of a stimulant, introduces a standard
situation for comparing the responses of different individuals.
Inspection of Fig. 1 and Table I shows that a distinct
relationship is present under all experimental conditions between
the two subjects, namely, the fixed ratio of their responses under
similar conditions of stimulation. It is suggested that this
constant ratio, independent of the mode through which maximal
stimulation is achieved, whether by single stimulants or combinations
of stimulants, besides indicating the consistent pattern of response
in the two subjects over a period of 20 months, represents, in
effect, the sole discriminating parameter between them, namely,
their respective parietal cell masses. An estimate of this on the
50
basis of calculations provided by Shay , wou3.fi give 1 and
9
1.5 x 10 cells for subjects GM and JM respectively.
C. Effect of :echothane on the Response to Intravenous Gastrin
The subcutaneous ad dnistmtion of mechothane prior to a test
raises distinctly the total and peak responses to an intravenous
dose of gastrin (Fig. 4). Figure 5 shows the fit of the data
obtained from four separate tests on subject GM to a logistic
function. Figure 6 shows the linear relationship between the




(i) The maximal response calculated from the dose-response
curve for the combined effect of gastrin and meohothane is identical
with that calculated from the dose-response curve for the effect of
gastrin alone. This is to be expected, if as the model predicts,
maximal response is determined by activation of all available
secretory units independently of how this is achieved. The
parallelism between this finding and similar findings in animals
is striking. Wiierea3 simultaneous cholinergic stimulation
potentiates the effect of small doses of secretin on canine pan¬
creatic secretion, it has no effect on the maximal response elicited
by injection of a large dose of secretin ^ . Similarly, ©serine
77 78 79
and other anti-cholinesterases * * increase the salivary
response to the lower doses of acetylcholine but are without effect
on the maximal response elicited by administration of acetylcholine
alone.
(ii) The slopes of the linear transformation of both curves
in subject GM are also identical and indicate that, in either
situation, the rate of the reaction between stimulant and secretory-
unit is monomolecular.
(iii) As expected, the looation parameter for the combined
effect is altered. The ED 50» or intravenous dose eliciting half
the maximal response is 5 ug (0.047 ug/kg) for gastrin alone, and
2.4 ug (0.037 ug/kg) for gastrin plus mechothane. The difference




(iv) The linear relationship previously demonstrated
between the reciprocals of dose and response is maintained. The
single intercept on the vertical axis indicates that the reciprocals
of the maximal responses are identical. The slope of the plot
for gastrin plus mechothane illustrates graphically the extent of
synergism.
(v) The term synergism is used her© in the sense of co¬
operation, without any implications as to the mechanism by which
such co-operation is mediated. It is not possible to predict to
what extent the effect of raechothane is produced by antral release
of gastrin, since little is known about alterations in antral pi!
during secretory tests. By analogy with animal experiments,
however, it is probably true to say that the effect is, at least in
part, produced by the influence of mechothane on the action of
gastrin.
The mechanism by which the effect of cholinergic agents on the
action of gastrin is produced remains obscure. The maximal
response to histamine of t fully innervated canine pouch is not
35
altered by subsequent denervation , but the dose required to
reproduce it is much larger. On the other hand, vagotomy
drastically reduces the maximal histamine response in man, while
simultaneous cholinergic stimulation restitutes it to near pre-
80
operative levels ' . The effect of vagotomy on the maximal
gastrin response is even more pronounced (over 90?) if the results




From their extensive investigation of the combined effect of
gastrin and urecholine or histamine and urecholine on the responses
53
of denervated canine pouches, Gillespie and Grossman concluded
to the presence of true pharmacological potentiation. The
assumption, implicit in the conclusion but difficult to sub¬
stantiate, is that cholinergic agents adequately substitute for the
exquisite physiological effect of the vagus.
Despite the advances in histological techniques, it is not
yet known with certainty whether cholinergic nerve endings are
present in sufficient proximity to the parietal cells for them to
play a direct role in excitation. Neither is it known whether
cholinergic agents are effective at the level of parietal receptor
sites. The main evidence for the direct action of cholinergic
81
agents is to be found in the experiments of Pevsner and Grossman
who injected acetylcholine directly into the gastric arterial
circulation. In these experiments, however, the antrum was only
isolated and not extirpated, and the possibility that some acetyl¬
choline may have survived the general circulation and reached the
antrum cannot be excluded. Further, the possibility that
cholinergic stimulation by its effect on the intrinsic muscular tone
of the stomach may release histamine locally by deformation of the
82
amine-containing cells , or that it may facilitate access of the
stimulant to intracellular sites, roust be borne in mind.
While the shift in the location parameter shown by the dose-
response curve in Fig, 5 can be explained on the basis of increased
"reactivity" or "sensitivity" of the parietal cells to stimulation,
there/
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there is, so far, no experimental support for this assumption and
little to recommend it besides conceptual ease.
On the other hand, several recent studios appear to support
the vies1,' that the increased delivery of the stimulant consequent on
alterations in mucosal blood flow, maybe the mechanism responsible
for the synergistic effect exhibited by cholinergic agents.
33
Helton and Jones observed the effects of bradykinin, caffeine
and vagal stimulation on the opacity of the stomach wall and. on acid
secretion in response to infusions of histamine or gastrin in dogs.
Under suitable conditions, all three stimuli cause vasodilatation
and increase the secretory response to gastrin and histamine. This
07
finding confirms the earlier observations of Obrihk on the effect
of priscol on histamine-stimulated secretion. Jacobson et al.
measured gastric mucosal blood flow by the aminopyrine method in
dogs with denervated pouches. They observed a three-fold increase
in mucosal blood flow following administration of urecholine with
gastrin as compared with administration of gastrin alone. The
effect of combinations of histamine and urecholine though distinct
was less pronounced. These findings rejoin those of other work-
rC Q;
ers * on the extent of synergism induced by simultaneous
administration of urecholine with either gastrin or histamine.
If the view expressed above is correct, it implies that syn¬
ergism is not the outcome of potentiation between two stimulants
but simply the result of increased delivery of the same stimulant
to the active sites of secretion.
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NOTE ON INHIBITION OF GASTMN-NTIMULATiiiD SSCRSTIGN.
A. The affect of Anti-histamine on Gaatrin-stimulated Secretion
The possible effect of anti-histamine on gastrin-stimulated
secretion was studied on two sets of normal and uloer subjects.
Nine subjects were tested on two separate occasions with 2 up/kg
of gastrin. One test in each subject was preceded by an injection
of 100 mg of mepyramine maleate. Ten subjects were tested with
2 up/kg of gastrin and 40 ug/kg of histamine, preceded on both
ocoasions by 100 mg of mepyramine aaleate. The results, which are
summarised in Fig. 7> were inconclusive, since only occasionally
could a slight diminution of the gastrin response be demonstrated
following administration of anti-histaaine.
B. The Inhibitory Sffeot of Atropine on Gaatrin-stinulated Secretion
Atropine has a marked inhibitory effect on gastrin-stimulated
secretion. Subcutaneous injection of 0«01mg/kg of atropine to
subject GM prior to administration of the maximal subcutaneous dose
of gastrin reduced the peak response by &0% (Figs. 1 and 8), A
smaller dose of atropine (0.007 rag/kg) reduced the peak response
of subject JM by 20,1. These findings confirm an earlier report
by Gregory and Tracy ^ that a dose of 1,2 mg of atropine given




C. Inhibition by Intravenous Gas. rin
Inhibition of gastrin-stimulated secretion by a large intra¬
venous dose of gastrin was tried on two separate occasions in the
course of this study,
(i) The first attempt was conducted on subject JM at the
close of a near-maximal infusion of gastrin. Over a period of
8 minutes, three successive intravenous doses of 40, 20 and 20 ug
were injected rapidly. The subject collapsed without losing
consciousness. The symptoms, which lasted around 15 minutes,
included a sinking abdominal sensation, nausea and perspiration.
Although the secretory response fell progressively over the next
hour, it could not be attributed with any degree of certainty, in
view of the presence of nausea, to the inhibitory effeot of intra¬
venous gastrin,
(ii) In a second attempt, the problem was approached with
greater circumspection. Subject GM was given a suboutaneous dose
of 0,25 ug/kg of gastrin, followed 2+0 minutes later by two intra¬
venous doses of 50 ug each given over a period of 5 minutes and
separated by an interval of 10 minutes. The response rose within
10 minutes to the highest level achieved in this subject and fell
gradually over the next 70 minutes.
A patient with the Zolling- r-Ellison syndrome, who had under¬
gone vagotomy the year before, was given a near-maximal infusion
of/
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of gastrin (1 to 2 ug/kg/hr.) without showing certain evidence of
diminution in her response.
It was conceived following these failures that the dose-
inhibition ourve might be represented by the mirror-image of the
dose-response ourve and that, consequently, the dose of gastrin
required to elicit inhibition would be excessively high and probably
unsafe to administer rapidly by the intravenous route in man.
Confirmation of this prediction has since been obtained in rats by
Horley et al. (personal communication).
Figure 1: Histograms drawn from the data in Table I. The symbols &, H, Hg,
M and A refer to gastrin, histamine, histalog, meohothane and
atropine respectively. The shaded part represents the data
for histamine.
HISTAMINE ♦ MECOTHANE AND HISTALOG GM. JM0
PEAK HOUR (fnEq)
Figure 2; (above) The response to hiatalog (Hg) and the response to
aubextanooaa histamine and to subcutaneous histamine plus
mechcthane. Subject G-M, closed circles; subject JM, open circles#
Figure 3: (below) The relationship between the post-stimulatozy and
peak hour outputs following various combinations of
stimulants, r » 0#98.
Fi^ire L: The s;,naerf*istic effect of ';iechoth-'ne on the -.astrin response.Closed circles, i.he ros ise to \ of •-.stria intravenously;open circles, the res? nse to the same dose oX -ostrin withprior adrx' aiatration of 5 ri£ of nechcthfiae. ''he upper rraphindicates the saliva ay response to the- meohothane dose.
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Figure 5: (above) Dose-response curves for the efl'eet of gastrin alone (Closed
circles) and gastrin plus nechcthane (asterisks). The maxL-ial
c.Iculated responses are identical
Figure 6: (below) The linear relationship between the reciprocals of dose and
response, for gastrin (closed circles) and gastrin plus mechothane
(open circles).
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GASTRIN
EFFECT OF ATROPINE GM
Figure 7s (above) The relationship between histamine output and the output
of gastrin or gastrin plus anti-iiistamine,
Figure 8: (below) The inhibitory effect of atropine on the raximal sub¬
cutaneous response to gastrin in subject GM.
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CHAPT.ER IX
THE SECBET10N OF PEPSIN \WD TOTAL NITROGEN
FOLIC'ING G-ASTPIN AND HISTJ IINK
The correlative study reported in this chapter was undertaken
(i) to determine the pattern of secretion of pepsin and total
nitrogen following stimulation by gastrin or histamine, and
(ii) to correlate the output of these products with the size of the
cellular masses concerned#
The pattern of electrolyte secretion is described for purposes
of comparison.
Methods
Six subjects (3 D.U., 2 G.U., 1 normal) were each tested on
separate occasions with 40 ug/kg of histamine and 0,5 to 1 ug/kg of
gastrin. The choice of the gastrin dose was dictated by the need
to obtain a level of acid secretion equivalent to that following
histamine.
The procedures for sampling of the juice and avoidance of
salivary contamination were as outlined in previous chapters. Two
20-minute samples of basal secretion were collected prior to each
test. Stimulated secretion was collected for 80 minutes, and 8
ten-minute samples were obtained for analysis in each case. The
following estimations were made (see chapter on methods):
(i) !I+ , Na+ , K+ and Cl~ concentrations,
(ii) pepsin concentration,




The mean pre-histamine basal output of acid was slightly high-
er than the pre-gastrin output. No significance could be attached
to this observation as it represents the normal scatter in basal
secretion. It is of interest, however, to note that the higher
acid output was accompanied by almost exactly proportionate increases
in the outputs of pepsin and nitrogen (Table l)»
B. The Output and Concentration of Electrolytes, Pepsin and Total
Nitrogen following Stimulation by Gastrin or Histamine
(i) Output:
The secretion of acid followed the pattern described
in previous chapters. Following gastrin or histamine, the peak
vol time and acid outputs occurred simultaneously during the third and
fourth 10-minute periods. The rates of rise and decline of
secretion were, as usual, more rapid following histamine, but the
mean total acid and volume outputs during the first hour were almost
identioal for the two stimulants (Table l)#
The output of sodium following both gastrin and histamine rose
sharply in the first 10-minute period to twice the basal level, but
fell more gradually to a near-basal steady level during the latter
half of the test. The mean post-stimulatory hour outputs of sodium
for both stimulants were identical (Table i).
The patterns of secretion of potassium and chloride followed
the pattern of acid secretion with only a alight tendency for the
peak outputs of both ions to appear earlier following histamine.
The/
A. Basal Output/hr. H+m£q Ra+mEq Pepsin units Hitrogen mgs.
Pre-histamine 5.05 5.7 15f134 49-7
Pre-gastrin 3.91 4.8 11,262 43.7
ooOoo
B. Stimulated Output/hr. V?U f £ Ca"ons Pepaln """e™r ' mis mLq m£q mbq mEq units rags.
Gastrin tests 369 44.9 7.0 6.4 58.3 35»340 105.0
Histamine tests 361 43.8 7.1 6.3 57.2 49,013 140.7
Ratio G / 10^ 102$ 99$ 102$ 102$ 72$ 75$
TABLE I.
A. Mean basal output per hour for the six subjects* The slight increase
in the pre-hi;tacdne output of acid is accompanied by a proportionate
increase in the outputs of the other constituents.
B. Mean outputs for the six subjects following administration of gastrin
and histamine. The volume and electrolyte outputs are virtually
identical. The post-gastrin, pepsin and nitrogen outputs are around
70 to 75 per cent of the post-histamine outputs.
—80—
The mean outputs of both ions were again almost identical for both
stimulants (Table l).
The pattern of pepsin secretion was somewhat different from
that of acid. Following both histamine and gastrin, the output of
pepsin rose to an early peak in the second 10-minute period (Fig, l).
As for acid, the decline in pepsin secretion was more rapid following
histamine. In all subjects, both the peak and. post-stimulatory
hour outputs of pepsin were noticeably lower (72^) after gastrin
than after histamine (Table i).
The output, pattern of nitrogen is similar to the general
pattern of sodium and pepsin (Fig. 2). Again both the peak and
post-stimulatory hour outputs of nitrogen are lower after gastrin
than after histamine (Table I),
The pattern of output of all these constituents in individual
subjects showed only minimal deviations from the general pattern
described above.
(ii) Concentration:
The mean concentration levels per 10 minutes are listed
in Table II, The lowest and highest concentrations achieved by all
the constituents were virtually equal following both gastrin and
histamine.
The hydrogen ion and sodium concentrations were reciprocal,
with only a slight tendency for the hydrogen ion concentration to
fall and the sodium concentration to rise during the latter half of
a histamine test.
The potassium concentration peak preceded that of acid and its
rate of decline was more rapid.
Following/


















































































































































TABLEII.Directm ansoftheconcentrationsp r10-mi uieriodfollow gg s inaistam ne.
I
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Following both gastrin and histamine, the concentration of
pepsin rose to a peak in the first 10-ainute period, but the decline
was more rapid with gastrin. The steady concentration levels
achieved during the latter half of a test were similar for both
stimulants and were roughly equal to half the basal level.
The concentretion pattern of nitrogen was in all respects
Similar to that of sodium. The linear relationship between
hydrogen ion concentration and the concentrations of sodium and
total nitrogen is clearly evident in Fig. 3.
Dlaousaion
The finding that, despite the near-equality in output of acid
and other electrolytes, the output of pepsin was, in every subject,
higher following histamine, must lead to the conclusion that at
least this stimulant is an effective pepsigogue. This conclusion
56
is supported by the data of Hirschowitz et al, who reported a
sustained output of pepsin during the entire duration of a histamine
Infusion. A similar conclusion was derived from the results of
two maximal histamine infusion tests in subjects JM and G-M.
Infusion of gastrin, however, also led to a sustained, though lower,
output of pepsin. It thus appears that both gastrin and histamine
have, in different degrees, stimulatory effects on pe^sin secretion.
If it is accepted that the peaks of acid output reflect the
concentration level of the stimulant in the gastric tissues, then
the early appearance of a peak of pepsin output and concentration
indicates that part of the collected pepsin originated in a
preformed/
preformed product stored in the ceils or deposited in the glandular
ciypts.
The nitrogen in the juice originates from the cellular
(raucous and peptic cells) and, extra-cellular (interstitial fluid)
compartments of the stomach, The post-histamine output of nitrogen
is more than the post-gaatrin output, and reflects the higher con¬
tent of pepsin and muooprotein in the histansine-stimulated juice,
C * The- Cellular and Extra-cellular G-astric Masses as the
Determinanta of Output
62
An important early observation by Card and Marks was that
the "maximal" acid output was linearly related, to both the parietal
cell sags and the mucosal volume of the stomach in man. An earlier
85
study by Hunt showed that the outputs of the parietal and non-
parietal components were related to e eh other and to the output of
pepsin. These findings pointed to the probability that the
cellular and extrs.-cellular elements comprising the wall of the
stomach were present in similar proportions in different
individuals.
Maximal stimulation by gastrin or histamine introduces a
standard situation for purposes of comparison. Under these
conditions, the response of pepsin and other constituents of the
juice may be assumed to be proportional to the size of the cellular
or extra-cellular masses concerned. This prediction was put to
the test on the data obtained in this study.
Basal output/






















In order to determine whether variations in the outputs of
pepsin and nitrogen followed similar variations in the output of
acid, the basal samples obtained (n = 2k) were divided into three
groups corresponding to their acid contents (0 to 3 mlq/hr, 3 to
6 mEq/hr and 6 roEq/hr and above)# The linear relationship between
the mean outputs of acid, pepsin and total nitrogen in the three
groups is clearly apparent (Fig# k).
It the pre-gastrin and pre-histaaine samples are now grouped
separately without reference to their acid oontents the pepsin and
nitrogen points obtained fall on the respective slopes in Pi?# 3#
Janowitz and Hollander ^ observed the same relationship between
the basal outputs of acid and pepsin in a large series of norm!
and ulcer subjects, but found it difficult to interpret.
The dependence of the basal output of pepsin on the size of
the peptic cell mass can be demonstrated by plotting the mean basal
output of pepsin for each subject against the corresponding mean
output of pepsin following stimulation by gastrin and
histamine (Fig. 5, Table III),
Stimulated Output?
(i) Figure 6 Shows the linear relationship between the cut-
put of pepsin and the corresponding output of acid in each subject
during the first hour following stimulation by gastrin or histamine
(Table III). The slopes of the lines denote the relative
effectiven©ss/
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effectiveness of gastrin and histamine as stimulants of pepsin
secretion. The goodness of fit Indicates that the peptic and
parietal cell masses are present in similar proportions in
different individuals and. that there are no notable differences
between individuals in the "reactivity" of their peptic cells to
stimulation.
The data on pepsin output obtained following maximal
infusion of histamine in subject G-M and JM confirm these findings.
The ratio of the output of pepsin in subject G-M to that in subject
JM was So;-*, which, it will be recalled, is identical with the ratio
of their maximal add secretory responses. The results obtained
87
by Crean from direct peptic and parietal cell counts in rats
amply confirm these predictions.
(ii) The output of sodium is similar!ly related to the acid
output which indicates that the extra-cellular compartment, com¬
prising the capillary network and the interstitial fluid, is
related to the sise of the stomach as expressed in the acid out¬
put (Fig. 7).
The output of nitrogen derived from the mucous cells and
extra-cellular sources is also related to the acid output (Fig. 8).
It should, however, be noted that unlike the pepsin values, the
sodium and nitrogen values obtained from the two gastric ulcer
patients fall on more acute slopes than those shown in Figs. 7 and
8, indicating that a greater leakage of interstitial fluid occurred
in these patients.
The intrinsic factor was not estimated in this study, but it
appears/
88
appears from, the data of Wangel and Callander that the output
of this secretory product is also related to the acid output
following gastrin and histardus.
Discussion
The conclusions from this study re,join and confirm the con¬
clusions of the previous chapters that the main, and under maximal
stimulation, the sole determinant of response is the cellular or
extracellular mass concerned.
The high acid output and the correspondingly high pepsin out¬
put in a duodenal ulcer population are related to the larger size of
their parietal and peptic cell masses, which in turn, arc related to
the larger sise of their body cell masses. It may, therefore, be
suggested as a first approximation, that duodenal ulceration mani¬
fests itself in the context of a local and general problem of
growth. Nothing is implied, however, in this statement as to the
causal sequence of events. It is not known for certain whether
duodenal ulceration precedes, or indeed is responsible, for the
increase in the sice of the stomach, although a number of observ¬
ations and some recent experiments in animals appear to suggest it.
Thus, acid output appears to be determined by the length of the
89
history and the proximity of the ulcer to the narrowest part of
the stomach . Experimental pyloric ligation in rets leads to
a pronounced increase in the size of .all the cellular masses com¬
prising the stomach . It ia possible that the functional
or/
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or organic stenosis that accompanies a duodenal ulcer may be a
factor in determining the subsequent growth of the stomach, but it
is difficult to visualise, in the state of present knowledge, how
this factor could lead to a mora general increase in body call mass.
There is, however, little doubt that the cumulative evidence
on this 3cor® nrust lead to a shift of emphasis in the study of the
genesis of peptic ulceration.
BO IO
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Figure 1: (above) Ten-minute output of pepsin following histamine (closed
circles) and gastrin (open circles).
Figure 2: (below) Ten-rainute output of total nitrogen following histamine
(closed circles) and gastrin (open circles).
Figure 3: The linear relationship between hydrogen ion concentration and
the concentrations of sodium and total nitrogen. The intercept
on the vertical, axis for sodium at -25 gives a value similar to
the interstitial fluid value for this ion. The intercept for
ni rogen on_the vertical axis is similar to that cbtairxed by












































Figure L: (above) The relationship between the outputs of aaid, per sin and
nitro gen In be.sal secretion. The asterisked points represent
the -van outpu s 1 the pre-histamiae and progastrin teats.
Figure 5: (below) The relationship between the basal and stimulated pepsin
output in the six subjects Of this series.
ACID OUTPUT mEq/hr
Figure 6: The relationship between the acid output following gastrin


























Figure 7: (above) The relationship between the output a? acid and the
corresponding output of sodium.
Figure 8: (below) The relationship between the output of acid and the
corresponding output of nitrogen#
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CHAFT2R X
A. U'.'?ri'£.. .1XVi.i Sf/TBI^jT OF THE TTO-CC: TQliSKIT ffiTOTHSSrS
OF GASTRIC SEGKIPIOH
The advent of gastrin offered an anusual opportunity for
re-investigating the fundamental processes of gastric electrolyte
secretion in man.
Section I
Gastric Secretory Rate and Electrolyte Concentration
during Steady-State Secretion in fen.
Several authors have sovight to characterise quantitatively
the behaviour of gastric electrolytes in man and animals.
90
Teorell proposed a model, and a formulation for which he claimed
only symbolical significance, in which a primary parietal secretion
is altered by the back-diffusion of hydrogen ions and their replace¬
ment by sodium ions. An alternative hypothesis proposed by
91 92
Hollander * maintains that variations in electrolyte composition
are the outcome of a mixture of a parietal acid secretion and a non-
parietal alkaline component. Ho adequate quantitative treatment
has so far been given of this two-component hypothesis. A parietal
statement of the quantitative implications of this hypothesis has
93 9U.
been put forward, by James . Ihre's ' data in ma, on which
95
Fisher and. Hunt attempted a quantitative analysis, were obtained
during/
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durlng non-ateady-states, and lacked a full complement of ionic data
96 97
and more especially sodium. Gray et al, * provided only a
statistical analysis of electrolyte data obtai ed from denervated
canine pouches.
An attempt is made here to provide a quantitative foundation
for the two-component hypothesis. A unified treatment; of the data
will be given to account for the observed relationship between
secretory rate and ionic concent ration as v/oli as between the con¬
centrations of the various ionic species under all conditions of
stimulation. Certain similarities between the two hypotheses will
be shown and the differences discussed.
This approach is of snore than theoretical interest since it
underlies the interpretation of all seoretory data obtained clinic¬
ally or experimentally. Thus, according to the back-diffusion
hypothesis, the parameter relating secretory activity and dose of
stimulant is volume of secretion, while according to the two-compon¬
ent hypothesis, it is acid output; and depending on the circum¬
stances these two parameters may vary independently.
The first section will be devoted to the study of gastric
secretion under steady-state conditions, where a relationship be¬
tween secretory rate and electrolyte concentration can best be
demonstrated.
Methods
The two conditioned male subjects, GM and JM, were tested
repeatedly/
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repeatedly with a variety of stimulants over a period of 20 months#
The tests involving infusion of gastrin II were all performed
during the first 12 months. The range of doses of gastrin II
delivered by continuous infusion was 0.2 to 90 ng/hr. The details
of the procedures have been described in the previous chapters.
As previously described, the secretory response to continuous
infusion of gastrin in man is biphasi0, with a peak lasting 20 to
40 minutes, depending on the dose, followed by a more steady
response. For this reason, only one dose level was U3ed in any
single experiment. In the early experiments, spontaneous secretion
was collected for a period of one hour. As the subjects became
conditioned to the procedure, it was found that a 20-minute coll¬
ection, accurately recorded, provided a sufficient indication of the
spontaneous secretion of acid and electrolytes. The following
determinations were made: acidity by titration, using phenol-
phthal ein as indicator; sodium ana potassium by flame-photometer;
and chloride electrometrically.
Results
A. The Pattern of Electrolyte Secretion following Infusion of
gastrin II.
The pattern of electrolyte secretion following continuous in¬
fusion of gastrin II is best expressed graphically. Except at the
lowest dose levels, when a peak was slow to appear and difficult to
detect, the pattern of secretion in both subjects was similar to that
showV
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shcwn in Fig. 1. The values in Pig. 1 are calculated from the
pooled data of the infusion experiments in subject GM. The
secretory rate and outputs of acid and potassium show the biphasie
\
response, with a peak followed by a near steady-state of secretion.
The concentrations of acid and sodium are exactly reciprocal, as
shown by the plateau achieved by their sum. The concentration of
potassium, however, shows a peak coincident with the peaks of
secretory rate and acid output. This is followed by a constant
concentration value during the steady-state. This behaviour of the
potassium results in a slight early peak of chloride concentration.
The latter was in nearly every sample almost identical with the sum
of cations H + K + Na.
B. The Pattern of Electrolyte Secretion following Infusion
of Histamine.
It is of interest to compare the secretory pattern following
a maximal infusion of histamine (40 ug/kg/hr) with that following
infusion of gastrin (Fig. 2). Following infusion of histamine, the
acid output in both subjects attained its highest level after a pass¬
age of nearly two hours. The concentrations of acid and sodium
were reciprocal, and their sum rose to the highest steady-state
value during the second hour. The potassium concentration showed an
early peak similar to that following infusion of gastrin. The peak
of potassium concentration preceded that of acidity and was soon
followed by a steady-state value,
lip'
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In subject GM, the rise of secretory rate was rapid and the
potassium output showed a peak response in the first hour similar
to that following infusion of gastrin. In subject JM, whose
spontaneous secretion prior to this test contained no acid, the
ruse of secretory rate was slower, and no early peak of potassium
output, coincident with the observed peak of concentration, could
be discerned.
C. Representative Data.
The following values were obtained during the highest steady-
state secretions following infusion of gastrin II:
In subject G-M.
65.5 mis/20 min: H , 131.8 mEq/L; Na , 12.5;
K , 17.1; CI , 160.5
In subject JM.
101.5 mis/20 min: H , 14L.7 mEq/L; Na , 8.0;
K , 14.9; CI , 164.4
During the peak prior to the steady-state, the potassium con¬
centration reached higher levels of up to 18 in subjeot CM, and 20
in subjeot JM. Similar levels of potassium wore achieved following
infusion of histamine, but the acidity was higher and the 3od±ura
concentration lower. The highest concentrations of sodium in this
series were obtained at the lowest seoretory rates during spontan¬
eous secretion and coincided with the lowest acidity and potassium
concentration/
concentration: 101 mEq/L of sodium for subject GM, and 120.5 for
subject «JM.
D. The Output of Sodium
The output of sodium, as the index of the non-parietal com¬
ponent, is of great importance in the analysis of the data and is
reported separately. During spontaneous secretion, the output of
sodium was not much different in the two subjects, and remarkably
constant for each, even under conditions when no acid was present.
In subjeot GM, the spontaneous output of sodium for the whole series
and over a period of 20 months was 0.832 mEq/20 minutes - S.E, 0.03,
as compared with 0«8l6 mEq/20 minutes for the pre-infusion tests
alone.
Following infusion of gastrin, the sodium output rises for a
period of 20 minutes. This rise, which may reach up to three times
the spontaneous level, is apparently dose-dependent (Fig. 3)»
During steady-state secretion, the sodium output falls again to a
oonstant pre-infusion level despite the wide range of doses used,
and a rise of secretory rate and acid output of up to sevenfold
(Table I, Figs. 3 ®nd 5). The mean sodium output of all samples
obtained during steady secretion in subjeot GM was 0.813 mEq/20
minutes - S.E. 0.02, a level indistinguishable from that obtained
during spontaneous secretion. Spontaneous secretion in a condition¬
ed subject is, in a sense, a low steady-state response to endogenous
gastrin.













9.6 * 0.29 * 0.832
TABLE I. The mean steady-state output of sodium in mEq/20 minutes follow¬
ing infusion of gastrin II in subject G. M. The asterisked
figure represents the mean output from 33 basal experiments
in the same subject*
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histamine, despite an early rise, was around 6(% of that following
gastrin.
Theoretical and quantitative analysis of the data.
The constancy of the sodium output under steady-state con¬
ditions leads to the conclusion that the non-parietal component is
produced in fixed quantities. Under these conditions, the observed
variations in electrolyte concentration are the resultant of an
admixture of a variable do3e-depeudent parietal secretion with a
non-parietal component of fixed output. A quantitative analysis
based on this hypothesis follows.
The symbols H » K and CI refer to the primary concentrations
o p p
of acid, potassium and chloride in the parietal component.
The symbols Nac), Knpi Clnp and b refer to the primary con¬
centrations of sodium, potassium, chloride and bicarbonate in the
non-parietal component.
All these primary concentrations are const-ant.
k is the constant volume at which the non-parietal component
is produced during steady-state secretion.
v is the observed total volume per specimen, i.e. the secretory
rate, so that v - k is the parietal volume per specimen.
The brackets depict the observed ionio concentration in a
specimen.
A. Acidity
If the observed variations in [if] are considered to proceed




[H]v a H0(v - k) Eq. a,l
S HoV » Hok Eq, a.2
[H] a H0 - 3/v • k . Ho Eq. a.3
» Ho(l - k/v) Eq, a,4
From Eq, a,3 it can be deduced that the relationship of secretory
rate, v and [h] is hyperbolic, and that of the reciprocal of
secretory rate or l/v and [h] is linear, ^ff] « G at v = k, when
the total volume equals the volume of diluent, that is, in the
absence of parietal secretion. Equation a,4 is identical with
So
that derived by Qbrink on the basis of the back-diffusion
hypothesis, where all the symbols retain their meaning, except for
k, which is identified with the permeability coefficient,
E. If however the acidity changes are effected by a process of
dilution and neutralisation, then the equations above could be
extended to account for this dual process.
Acid output » (h]v s H0(v - k) - kb Eq, b.l
s H0v - k(H0 + b) Eq, b,2
[h] = h0 - l/v , k , (H0 + b) Eq. b.3
From Eq, b,3 it can be deduced that the relationship of secretory
rate v and [h] is hyperbolic, while that of l/v and [if] is linear.
The relationship of acid output and secretory rate v is linear
(Eq./
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(Eq. b.2). The value of k, the non-parietal component, is minute¬
ly different from the volume at neutrality (Fig. 4) and will
approach it in proportion to the magnitude of the concentration of
If, as it appears likely, the bicarbonate concentration of the non-
parietal component has a value not unlike its value in plasma or,
more accurately, in interstitial fluid, that is, around 25 raEq/L
for subject GM, then an estimate of k, the constant volume of the
non-parietal component during steady-states, can be obtained.
C. Sodium.
In the intact human stomach, the observed sodium concentration
appears to reach its highest values at the same tine as acidity is
approaching neutrality, that is, at some point on the X-axis
(Fig. 4), some distance away from the origin. In subject GM, a
sodium concentration of 101 raEq/L was recorded for an acidity of
18 raEq/L and a secretory rate of 8.5 mls/20 minutes. The highest
sodium concentration for subject JM was 120.5, for an acidity of
13«2, and a secretory rate of 8 mls/20 minutes. It was noted
above that the sodium output during steady-state seoretion is con¬
stant:
Sodium output = [Na]v = Na^ tt constant Eq. o.l
bioarbonate, b. The secretory rate will equal k at [if] = - b.
Eq. c.2
V
from which it can be deduced that the sodium concentration varies
through dilution by a progressively increasing parietal volume.
The/
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The relationship of [jfe] and l/v is linear, while that of [Na] and
v is hyperbolio. The sum of [rl ] and ^Naj will tend to a value
equal to H0, the primary acidity, as the secretory rate attains its
highest levels (Figs. 1 and 2). Thus, one sample obtained from
subject JM, whose calculated primary acidity was 152 mEq/L, had an
observed acidity of 150 raEq/L for a [Na] of 2.8 mEq/L. The value
of Na0 , the primary sodium concentration of the non-parietal com¬
ponent, may be obtained from the observed constant sodium output and
the value of k as calculated from Iq, b.3. Alternatively, it may
be obtained by the linear regression of Fife] and l/v (Eq. c.2),
where at v = k, [NaT] & Nao.
D. Potassium
The output of potassium derives from both components:
Potassium output = [x]v = Kp(v-k) + Knp • k Eq. d.l
[k] = Kp - l/v . k(Xp - Knp) Eq. 4.2
i'rom eq. d.2, it can be deduced that the relationship of [k] and
secretory rate v is hyperbolic, and that of [~k] and l/v is linear.
The relationship of potassium output, [k]v and secretory rate v is
linear (multiplying both sides of eq. d.2 by v).
At the highest secretory rates, [k] tends to a value equal to
Kp, its concentretion in parietal secretion. At v = k, the [k]
equals Knp, the concentration of potassium in the non-parietal
component.
E. Chloride and total cations
The chloride concentration at all levels up to neutrality is
virtually/
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virtually identical with the sum of the concentrations of cations
( H + Ua + K )• For the present purpose, the minute levels of
other anions and cations may be disregarded. The chloride, like
total cations, has a dual origin from both components. It can be
shown directly, or from the sum of equations b.3, c2, and d«2, that
chloride concentration
[Cf] = Hq + Kp — l/v . k(H0 + Kp — Na0 — Kjjp + b) Eq. e.l
from which it can be deduced that the relationship of secretoiy rate
and [Cl] is hyperbolio, and that of jcl jand l/v is linear. The
relationship of chloride and secretory rate is linear* At infinite¬
ly high secretoiy rates, the primary parietal, chloride Clp equals
HQ + Kp, that is, the sum of primary parietal acid and potassium
concentrations* At k » v, the concentration of Cl is at a minimum
and Eq. e.l reduces to
Cljyp + b b * Knp Eq. e.2
that is, the sum of the non-parietal anions, chloride and bicarbon¬
ate, is equal to the sum of non-parietal cations, sodium and
potassium.
From Eq. e.l, it can be shown that osmotic pressure, coincident
with the chloride concentration as the only ani >n, attains a maximum
at the highest secretory rates and progressively falls until
neutrality. Beyond this, it starts to rise again owing to progress¬
ive accumulation of bicarbonate.
F. Experimental data
It is clear from the good fit of the experimental data
(Table/
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(Table II, Figs. 4 and 5) that all the theoretical predictions are
fulfilled. The curves in Fig. 4, describing the relationship of
secretory rate v and electrolyte concentration, are derived from
the linear regression equations of l/v and electrolyte con¬
centration. The good correlation obtained justifies this treat¬
ment.
Fig. 5 shows the linear relationship derived above that
exists between secretory rate and the outputs of CI, H, K and K
+ Na. Under steady-state conditions, the output of sodium Is con¬
stant and independent of 3ecretory rate and is represented by a
line parallel to the axis of secretory rate.
The primary concentrations in the parietal secretion H0, Kp,
Clp are represented by the intercept at l/v = o of the linear
regression equations relating concentration and l/v (Table II).
The value of k can be deduced from Eq. b.3 by assuming a concen¬
tration of bicarbonate in the non-parietal component analogous
to that in plasma or interstitial fluid. The primary non-parietal
concentrations are then derived by substitution for this value of
k in the regression equations relating [hTa] ,[k~j ,(Cl] and l/v•
It is clear from the values thus derived that the composition of
the non-parietal component approxi lates very closely to that of
interstitial fluid. An identical estimate based on a much larger
number of samples obtained from the same subject CM is given in




Ths calculated primary acidities following infusion of gastrin
are 147.9 and 130 mEq/L for subjects GM and JM respectively (mean
149.0). The values of the intercepts on the volume axis (Fig. 4)
are 6.7 and 7.9 mis/20 rain, respectively (mean 7.3 )• These values
98
are in close agreement with those obtained by Sor&gren following
continuous infusion of histamine in five subjects: mean primary
acidity, 150.2 rnEq/L; intercept on the volume axis, 7.1 mis./20 min.
It was pointed out above that the value of the intercept on
the volume axis (i.e. at neutrality) is slightly larger than the
calculated volume of the non-parietal component k, and will approach
it in proportion to the magnitude of b, the bicarbonate concentration.
Assuming a value of 25 mSq/l for b, the output of this Component
is calculated to be 5.77 mls/20 mins. in subject GM and 6.77 mis/
20 mins. in subject JM, the higher secretor of the two. At the
highest levels of steady-state secretion, the parietal volume output
is thus around 12 to 15 times the :ion-parietal volume output.
Discussion
(a) Whether the effect of the non-parietal component is one
of simple dilution (Sqs. a.l - a.4) or also of neutralisation by
bicarbonate (Eqs. bl - b.3) is immaterial to the fit of the
equations, and is not immediately evident from the data. The cal¬
culated composition of the non-parietal component, however, will
vary with the equation chosen. In the subsequent sections, evidence
will be presented in favour of this component being alkaline and of
comparable/
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oomparable composition to gastric interstitial fluid,
(b) It was noted above that an equation, identical with
Eq, a,4-, could be derived on the basis of the back-diffusion
hypothesis , and is found to account well for the observed
98
variations of acidity following infusion of histamine in man •
90
(c) Earlier, Teorell had developed the following equation
on the basis of the same hypothesis to account for the observed
variations in sodium concentration in gastric juice:
So
[Na] a y/r + 1 Eq, f.l
which reduces to [NaJ v = K0r - [Naj r Eq* f ,2
where SQ is the value to which the sodium concentration tends at
secretory rest when v = 0, namely, the concentration of sodium in
the interstitial fluid, and is thus identical with Ha0 of Eq, c.lj
r is the permeability coefficient of sodium in nl/rain, and is smaller
in magnitude than k, the permeability coefficient for hydrogen ions.
At v s r, the sodium concentration = Sq/2, or around 70 mEa/L.
Values, however, ranging from 100 to 120 raEq/L of Na were obtained
in this study at secretory rates higher than k or r, and where- the
juice still possessed an appreciable concentration of I! ions.
Further, from Eq, f,2 it is predicted that the Na output, JlfeJ v, is
linea ly related to sodium concentration, and tends progressively to
the highest value of Sor, It thus appears on the basis of Eq, f,2
that the Na output is not constant but increases with increasing
secretory/
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secretory rates as the Na concentration tends to its lowest values.
This is, however, contrary to the findings of the present experi¬
ments where the output of sodium during steady-state secretion was
found to be oonstant.
The observed sodium concentrations find their best fit to
Eq. c.2. A similar good fit to this equation oan be demonstrated
for the data obtained by flordgren on human subjects (personal
communication)•
(d) The theoretical linear relationship derived above be¬
tween secretory rate and the outputs of hydrogen, potassium plus
sodium, and chloride ions, is confirmed by the present findings.
No tendency of the line to curve towards the origin at the lowest
secretory rates, as predicted by the back-diffusion hypothesis,
can be shown (Fig. 5)• It should be remembered in this connection
that the main source of error in secretory experiments involves the
tinder-collection of a sample at the lowest secretory rates. The
aocurate recording of the corresponding concentration tends to shift
the point towards the origin. A similar source of error would
shift the curve of secretory rate versus ionic concentration to the
origin. In the data presented above, which span the entire oourse
of the curve, no such shift to the origin is apparent
(Figs. !+ and 5).
(e) It is of interest to compare the findings of this study
97
in man with that of Gray et al# on denervated canine pouches.
In both studies, a linear relationship can be demonstrated (i) be¬
tween the secretory rate and the output of acid, chloride and
sodiun/
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sodium plus potassium; and (ii) between the concentration of
hydrogen ions and the concentrations of chloride, sodium, and
sodium plus potassium. Closer study of the 9 pooled specimens
obtained by these authors reveals a virtual constancy of the sodium
output despite a seven-fold rise of acid output. The alight
variations found between specimens (0,36 aEq/20 min. £ S.D, 0,05)
are probably due to the crude method of obtaining steady-state
responses by repeated suboutaneous injections of histamine.
An estimate of the relative sizes of the canine pouches and
the size of the intact human stomach in this study can be obtained
on the basis of the respective maximal acid outputs following
administration of histamine ,
It is probable that the output of the non-parietal component
99
is also proportional to the size of the stomach . The ratio
of the output of the non-parietal component, i.e. the output of
sodium, in these two studies is almost identical to the ratio of
97
the maximal acid outputs. Thus, from the data of Gray et al, ,
for canine pouches of similar mean size to the intact human stomach
of subject CM, the sodium output is calculated to be 0.86 mEq/20 rains
which is closely similar to the steady-state output of sodium of
0,81 mEq/20 mins. found in this subject. This further argues in
favour of a similar composition of the non-pariet"l co ponent or
interstitial fluid in the two species.
(f) The sodium output following infusion of single dose levels
100
of histamine in oats also shows minimal variability. Thus, for
acid/
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acid outputs of 5.3# 12,8, and 15.3 niEq, the sodium outputs were
1. JL, 1.65# and 1,59 raEq. respectively,
(g) It will be recalled in this context that the net move¬
ment of sodium in experiments on chambered preparations of frog
gastric mucosa is unaltered, despite changes in acid output and in
the presence of secretory inhibitors .
Conclusions,
1, A quantitative statement of the t'7o-component hypothesis is
proposed,
2, The experimental data obtained during steady-state secretion
following continuous infusion of gastrin in man show a good
fit to equations derived on the basis of this hypothesis,
3, A preliminary estimate of the composition of the non-parietal
component shews it to be similar to that of interstitial
fluid.
Figure 1: Hie pattern of secretion following infusion of gastrin II in
subject GM» For purposes of illustration, the scale of potassium
output has been increased tenfold and that of potassium concentration
fourfold.
Figure 2: The pattern of secretion following infusion of histamine acid
phosphate 1+0 ug/kg, in subject G-M. The scale of ootassium output
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Figure 3: The relationship of sodi m output to the infused dose of gastrin II
in subject GM. The closed circles represent the output in the
first 20 iainutes. The open circles represent the re on output per
20 minutes during the remainder of the experiment. The dotted line
represents the mean basal output per 20 minutes.
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Figure k-t The relationship of electrolyte concentration to secretory rate
following infusion of gastrin II in subjeot GM. The intercept®
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Figure b (b): (above) A aoatter diagram of the hydrogen ion and sodium
concentration data from subjects JM and GM.
Figure 4 (c): (below) The linear relationship between l/v and the hydrogenion concentration during steady-3tatea of secretion (subject JM).
SECRETORY RATE ML-/20'
Figure 5: The linear relationship of secretoiy rate and electrolyte output
in gastrin infusion experiment3 on subject GM. The constancy of
the sodium output during steady-state secretion is evident.
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Section II.
Gastric Secretory 'late and Electrolyte Concentration
during ?ron-ateady-state Secretion in 'tan.
In this section, the two-component hypothesis is further
extended to account for the observed variations in electrolyte con¬
centration and secretory rite during non-steady-state secretion
induced by various modes of stimulation.
Methods
The procedures for collection of juice and avoidance of
salivary contamination were the same as described previously.
Biliary reflux was virtually absent in both conditioned subjects
GM and JM, except in occasional samples following administration of
meohothane.
Five-minute collections were taken throughout and pooled in
samples corresponding to ten minutes for estimation of electrolyte
concentration, except in the case of single intravenous injections
of gastrin when five-minute samples were estimated directly.
Spontaneous secretion was colleoted for 20 minutes at least prior
to every test.
In both subjects, gastrin II was given by subcutaneous or
single intravenous injection, either alone or in c mbination with
histamine or mechothane (carbaminoyl E-rnethyl choline chloride).
Histamine was given by subcutaneous injection alone or in combination
with mechothane. The subjects were also tested with insulin
(0.1/
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(0.1 unit/^* i*v.) and histalog (200 mg, s.c,)»
For purposes of comparison with the results in section I, and
in order to avoid intersubject variability, the data obtained from
subject QM will be presented mostly. The data from subject JM were
substantially similar.
Results
A. Stimulation by Single Intravenous Injections of Gastrin
e
This mode of stimulation results in the opposite extreme of
a secretory steady-state. The pattern of secretion is best
illustrated graphically (Fig. 6). The secretory rate rises rapidly
to a peak in the second five-minute period. The peaks of acid and
potassium outputs occur simultaneously during the fourth five-rainute
period. This apparent discrepancy between secretory rate and acid
output is due to the relatively large proportion of non-parietal com¬
ponent in the first few samples. Thus the output of sodium in the
first 10 to 20 minutes rises to nearly three times "basal" levels,
only to fall again to very nearly that level for the remainder of
the secretory period.
The potassium concentration rises rapidly to a peak which just
precedes the peak of hydrogen ion concentration. The concentration
of sodium is exactly reciprocal to that of acid. Towards the end of
the secretory period, both [h] and [k] fall to very low levels
([h] a 15-20 mEq/Lj [k~] = 5-6 aEo/L), while jjtfe] rises to some of
the highest levels achieved in this subject (106 - 108 niEq/L).
This secretory pattern is reproduced over nearly the entire
range of dose levels.
B/
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B. Stimulation by Histamine, Histalog. Insulin, and Suboutaneous
Gastrin*
The secretory pattern following stimulation by subcutaneous
histamine or histalog is similar to that reported by a number of
102
workers ^ (see previous chapter).
The pattern of volume and acid output following stimulation
by suboutaneous gastrin was reported earlier. Although gastrin-
stimulated juice can be highly acid, the highest acidities and low¬
est concentrations of sodium were usually obtained following ad¬
ministration of large doses of histamine or histalog ([h] = 142-147
mEq/L; [lla~] = 3-5 mSq/L). The simultaneous administration of
mechothane, either subcutaneously or by continuous infusion with
either histamine or gastrin, invariably lowers [h] and raises M.
B. Output of Sodium.
(i) The output of sodium during the first hour of a secretory
period appears to vary with the nature of stimulant or c mbination of
stimulants used. Table IV lists the data from a series of experi¬
ments in subject GM. The output of sodium following subcutaneous
administration of 2 ug/kg of gastrin is higher than that following
histamine. Mechothane especially, when administered by continuous
infusion in small doses, raises the sodium output in both histamine-
and gastrin-stinulated juices. Atropine reduces it. The recip¬
rocal relationship of [k~] and [NaJ, however, is not altered.
(ii) A rise in the output of sodium occttrs during the first
10/
Subcutaneous dose of stimulant
Sodium Output
jaEq/Piret hour
Gastrin 2 ug/kg + Meoothane 5 mg 5*7
Gastrin 2 ug/kg 5.5
Gastrin 4 ug/kg 4*3
Gastrin 0*5 ug/kg 3.0
Histamine 40 ug/kg + Gastrin 2 ug/kg 3.0
Histamine 40 ug/kg 2.6
Histamine 40 ug/kg + Meoothane 5 % .......................... 5*7
Gastrin 2 ug/kg + Atropine 0.6 nig 1.8
TABLE IV. The sodium output of subject G. M. during the hour following
subcutaneous administration of stimulants singly or in
combination.
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10 to 20-minute period following all modes of administration of
secretory stimulants* This is followed by a rapid fall to low
levels during most of the experi ental period, with a slight
tendency to rise again towards the end. The extent of thi3 initial
rise and subsequent fall in output are in general agreement with the
results reported in animals •
(iii) The output of sodium during the first 20-minute period
following single intravenous injections of gastrin appears to depend
on the level of the dose (Fig, 7). In the subsequent 20-minute
period, and independently of the dose, the sodium output falls to
levels similar to t ose obtained during spontaneous secretion prior
to the test.
D. Potassium Secretion
The present series of experiments offered the opportunity of
investigating the pattern of potassium secretion following adminis¬
tration of various stimulants, singly or in combination. In every
case, including that of gastrin, a peak of [k~] preceded that of [if]
(Fig. 8).
It was noted in section I that when a steady-state of secretion
is established by continuous infusion of histamine or gastrin, [k]
falls from an early peak to a steady plateau which correlates closely
with secretory rate and [h] *
Following single intravenous injection of gastrin, however,
when the secretory rate changes rapidly, [kfj rises to an early peak




The peak output of potassium following continuous infusion or
single intravenous injections of gastrin is like that of acid,
distinctly dose-dependent (Fig. 9). The slope of the sigmoid curve
relating the logarithm of the dose and peak output is similar for
both acid and potassium, and i3 a further indication that potassium
in the juice is mainly of parietal origin.
E. Relationship of Hydroae . ion Concentration to the Concentration
of Sodium. Potassium and Chloride.
The theoretical statement of the two-component hypothesis pro¬
posed in section I is further extended to account for the observed
variations in ionic concentration under all conditions of stimulation.
The symbols retain their meaning. It will be recalled that
the primary parietal concentrations (H0, Kp, Clp) and the primary
non-parietal concentrations (ffeo# Knp, Clnp, b) are considered con¬
stant .
For any single specimen, Eqs. b.3» c.2, d.2, and e.l can be




from Eq. 0.2 k/v Eq. g.2
IfetQ






from Eq. e.l 10r ®
Ho + Kp - [Cl]
Ho + Kp - Nao - Knp + b
Eq. g*4
It should be emphasised in this context that k is not a
constant but represents simply the volume of non-parietal component
in a particular sample.
From Eqs. b.3, c.2, &.2, and 3.1, and Eqs. g.l - g.i*., it can
be concluded that the concentration of an ion in any single specimen
is dependent on the ratio of k/v, that is, on the ratio of the non-
parietal volume to total volume and, by implication, of non-parietal
to parietal volume. As was clearly demonstrated in the first sect¬
ion, the non-parietal volume during steady-state secretion is con¬
stant, as indicated by the constant output of sodium per specimen.
Under these conditions, the concentration of an ion is linearly
related to l/v, which, besides the observed concentration, is the
only other variable in the equations.
Eqs. g.l - g.4 can further be extended to account for the
linear relationship observed under all conditions between the con¬
centration of an ion and that of another
(i) Combining Eqs. g.l and g,2, it can be shown that
Nao(Ho - [h])
Na a Eq, g.k
HO * D
Since the primary concentrations h0, Na0 and b are constant,
the relationship of [h] and [Ha] is linear
At [il] ss - b, {jWa] s Nao
At [h] = Ho, [Ha] c 0
(ii)/
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(ii) Combining Eqs. g.l and g.3, it can be shown that
M - —e—r-b
(Kp - Knp) (Ho - [h])
Eq, g.5
from which it can be deduced that the relationship of H and K is
linear.
At [h] = Ho, [k] = Kp
At [h~1 = - b, [K] = Knp
■ i -
(iii) It can be similarly be shown by combining Bqs. g.l and
g.4 that
from which it can be deduced that the relationship of H and CI
is linear.
At [H] = Ho, fell « H0 + Kp
i.e. the sum of the primary parietal potassium
and hydrogen ion concentrations,
At [h] a - b, the sum of the non-parietal
cations equals the sua of the non-parietal
anions:
Clnp + b s Nao + Knp
It is olear from Eqs. g.l* - g.6 that the intercepts at H0
[Cll = Kp + H0
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provide estimates of the primary parietal concentrationss while the
intercepts at -b provide estimates of the primary non-parietal con¬
centrations.
Analysis of the results;
Out of a total of 170 samples from subject GM, 56 had been
obtained following single intravenous injections of gastrin, and a
further 29 samples during steady-state secretion induced by con¬
tinuous infusion of gastrin,
A regression analysis of the linear relationship between
hydrogen ion concentration and the concentrations of Ha, K, Ha + K,
and CI were performed as follows:
(i) A complete regression analysis was performed on each of
the 170 samples (Table II, coluran A).
(li) These same samples were also grouped into 8 fractions,
e--.ch of which corresponded to two decades of acidity (0 - 20,
20 - 40 , etc.) and a linear regression performed,
(iii) The 170 samples were weighted each for its volume and
grouped into 8 fractions, as in (ii) above, for regression analysis
(Table II, column B), The concentration levels of these fractions
were almost identical to those obtained in (li) and are given in
Table III, The rise of [h] , [k] and [ci] and the fall of M
with secretory rate is evide t.
(iv) A separate regression analysis was also performed on
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injections of gastrin (Table IX, column C).
(v) A further regression analysis was performed on the
29 samples obtained during continuous infusion of gastrin (Table II,
oolumn D). The intercept of the regression of jlla] on fHl (x-axis)
gives the value of H0# From this value and the regression of [K~]
and jCl] on [h], the value of Kp and Clp can be obtained (Fig, 10),
Repeated plasma bioarbonate estimations on subject G-M gave a
value of 25 mEq/L - 1* Assuming a value for b, analogous to that
of plasma bioarbonate, estimates of the primary non-parietal
concentrations Na©, Knp and Clnp can be obtained (Fig# 10),
An inspection of the results in Table II permits of the
following deductions:-
(a) Relationship of pri apy concentration and stimulus
The close similarity of the values obtained from the various
regression equations both for the gastrin data alone (columns C,
I), E) and for all the data combined (columns A, B) shows that the
primary concentrations of the two components are independent of
the stimulant, or combination of stimulants, or mode of administ¬
ration,
(b) Relationship between the concentration of the various
ions.
Since the factor !</v does not appear in Eqs. g»k- - g.6, the
linear relationship between [e] , [lJa~], [kl and [ci] is independent
of secretory rate and time of collection. Thus the main series
was/
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was made up variously of 5, 10, and 20-minute samples, while the
intravenous gastrin series was made up of 5-minute samples
exclusively.
(c) The constancy of the primary concentrations.
While the intravenous gastrin samples were obtained over the
last six of the twenty-month period of testing, those following
continuous infusion of gastrin had been obtained durin the first
twelve months. The close similarity of the values for the primary
concentrations in those two series argues in favour of the overall
constancy in composition of the two components in a particular
subject.
(d) Relationship of concentration and secretory rate.
While as noted above in (b) the relation of the concentration
of an ion to that of another is independent of secretory rate, the
actual concentration achieved by an ion in a particular sample is
strictly dependent on the ratio of k/v, that is, on the ratio of
non-parietal to total volume and, by implication, on the ratio of
non-parietal to parietal volume (Eos. g.l - g.4)*
From the output of acid and sodium in a sample and the value
of the primary concentrations Ho* Nao and b, the volume of non-
parietal and parietal components can be calcul ted. Their sum
should be equal to the observed volume (Table III), and their ratio
condition the concentration level achieved by an ion. This latter
prediction is verified by calculating this ratio for the samples
obtained following single intravenous injections of gastrin and
plotting/
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plotting it against the observed [ll^j and [Net] (Fig. 11)»
It was noted in section I that under steady-state conditions,
when a constant non-parietal volume k is produced, the relationship
of secretory rate and concentration is hyperbolio, while that of 1/v
and concentration is linear. This is further verified by the
following transformations of data obtained mostly under non-steady-
state conditions.
Firstly, by assuming a sodium output identical to that obtain¬
ed following infusion of gastrin, namely, 0.813 mEq/20 rains., to be
present in each of the fractions in Table III, it is possible to
re-calculate the expected secretory rate and concentrations. The
curve shown in Fig. 12 is the same as that derived from the infusion
data shown in Fig. 2}-, section I. It is clear from the fit of the
re-calculated data to the same curve that ionic concentration is
accurately and predictably dependent on secretory rate in the pres¬
ence of a constant non-parietal component or sodium output,
>
Secondly, the data obtained during non-steady secretion
following single intravenous injections of gastrin were arranged into
series, each mane up of samples possessing a 3irailnr sodium output
within a narrow range. A series of hyperbolae relating [}i] and
[ifa] to secretory rate can be drawn (Fig, 13). As expected, the
intercept on the volume axis varies with the sodium output of the
series, while all the asymptotes merge towards the primaiy acidity.
Since each series is made up of a nearly-constant sodium output,
the contribution of the non-parietal volume k is now a constant for
each/
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each series. Under these conditions, the relationship of con¬
centration to l/v each series is linear (Fig. 14).
Discussion.
1. The relationship of secretory rate and ionic concentration.
The importance of the sodium output, in the absence of con¬
tamination, as the pure index of the non-parietal component tea not
been sufficiently recognised. A closer study of this Inorganic
constituent provides the clue to the relationship of secretory rate
and ionic concentration in gastric juice*
The overall constancy of Hsq, the primary non-parietal sodium
concentration, is evident from its calculated value under all modes
of stimulation (Table II). The sodium output, i.e. the product of
k, the non-parietal volume and{~Na] , may vary. During steady-state
secretion, the output of sodium is constant, which leads to the con¬
clusion that k, the volume in which it appears, is also constant.
Under these conditions, the relationship of ionic concentration and
secretory rate v is hyperbolio, while that of ionic concentration
and l/v is linear (Eqs. b.3, c.2, d.2, e.l, section i).
During non-steady-state secretion, however, the output of
sodium is not constant but varies with the nature and dose of
stimulant, or combination of stimulants, and the time following
stimulation. Although the primary concentration of sodium remains
unaltered, the volume of the non-parietal component and, therefore,
the output of sodium, vary. Under these conditions, ionic
concent ratiozy''
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concentration is dependent on the ratio of k/v (Eqs. g.l - g.i*.,
Fig# 11). If, however, the sodium output is assumed to he fixed,
so that k, the non-parietal volume, is now constant, and the data
re-calculated, the strict relationship between ionic concentration
and secretory rate re-appears clearly (Fig. 12).
The well-known effect of cholinergic agents ?/hich increase
the sodium output, or anti-cholinergic agents which depress it, in
dissociating the relationship of secretory rate and concentration is
attributable to their unequal effects on the parietal and non-
parietal volume outputs.
2. Relationship between the concentration of various ions.
Since the factor k/v, or volume factor, disappears from
Eqs, g.it- - g.6, it is clear that the linear relationship which the
concentration of an ion bears to that of another is independent of
secretory rate, and should therefore hold for both steady-state and
non-steady-state secretion. This is confirmed by the results in
Table II.
The curvilinear relationship, theoretically predictable on the
basis of the back-diffusion hypothesis between [h[ and [Na^ has
not been confirmed by this study. This is the more significant
since the data presented span the entire range of concentration
levels. In human gastric secretory studies, the possibility of
salivary contamination is ever present and may have been, at least
in part, responsible for the slight ourvilinearity shown in some
reported data in man. The method used in this study appears to
have ensured virtual elimination of this potential source of error,
as/
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as indicated by the high [ite] and [ci] in the presence of the low¬
est [h] and [k],
A similar analysis of interionic concentrations was performed
on electrolyte data communicated to us and obtained by Dr« Nordgren
during steady-state secretion induced by continuous infusion of
histamine in five hum n subjects . The relationship of [Nal
and [h] for all subjects is clearly linear, with a high coefficient
of correlation (r = 0,987)• The aoidity intercept gives a value of
148.1 raEq/L, which is almost identical with the value obtained in
subject GM. A separate regression analysis of [lTa~] and [h1 in one
subject (H.C.), whose data span adequately the line, gives the follow¬
ing values: r = 0,984; Ho = 149,7; Ha© 53 135.6, Again the close
similarity with the data in Table II is evident,
3* Under steady-state conditions, a preoise relationship with a
high degree of correlation (Table II, columns D, S) exists between
[k] and secretory rate; [k| and [h\; potassium output and acid
output,
A more abrupt rise and precipitate fall in [k] as compared with
[fl] is evident, however, under non-steady-state conditions induced
by subcutaneous or i travenous administration of secretory stimulants,
including gastrin. For this reason, the oorrelation between [k]
and Jh] under non-steady-state conditions, though distinct, is not as
high as for other ions, A higher correlation can be obtained if
the data during the ini ial rise of concentration are plotted
separately. By comparison with the ir fusion data, these deviations
of/
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of [k] from those expected are small, rarely exceeding 2 mEq/l«.
The calculated primary potassium concentrations for the whole series
are closely si ilar to those obtained following infusion. The small
deviations of are especially evident at the higher acidities and
impart, in this range, a slight upward shift to the plot of [ci]
versus [Hi.
The explanation of the behaviour of [K~] under non-3teady-state
conditions is still obscure. The similarity to potassium transients
78
in salivary secretion has been noted by a number of observers •
A transient rise in plasma [kTJ has been observed in some species
following administration of histamine. This has not been confirmed
98
in either man or dog by Nordgren . The blood samples, however,
were examined during steady-state seoretion so that an earlier
transient rise cannot be excluded.
The patterns of secretion of potassium in gastrin- and
histamine-stimulated juices are similar. This is to be expected
in view of the strong suggestive evidence in favour erf the release of
6i
parietal intracellular histamine by gastrin . A specific action
of histamine on the permeability of frog gastrin mucosa to potassium
106
has been reported by Villegas . Whether the observed changes in
are to be attributed to a speciflo action of histamine on gastrio
mucosa or to a physico-chemical process connected with the "rate of
change" of secretory rate mostly evident in non-steady states, awaits
further study.
4-. It has been noted that the sodium output varies with the










Na+ 136.7 137.8 133.0
K+ 6.4 3. 5 4.4
cr 117.0 116.6 120.0
HCO3 25 24.2 25. 9*
Table V.
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of a secretory period following intravenous infection of gastrin,
the output appears to be dose-dependent. The interpretation of
these findings and a further disoussion of the factors controlling
the production of the non-parietal eo ponent will be undertaken in
section III.
By topical application of acetylcholine to the vagotoniae&
107
pouches of antrectomised dogs, Hollander has obtained a cell-
free alkaline fluid of analogous co position to interstitial fluid.
108
More recently, Altarairano has obtained similar results by gastric
lntra-arterial infusion of acetylcholine. The data obtained in this
study on man show that the chemical composition of the non-parietal
component in man is closely similar to that found by these two work¬
ers in doga(Table V).
Repeated estimations of plasma electrolytes in subject GM
s^ow little ohange. Assuming a Donnan equilibrium to operate and
expressing the data in mEq/kg HjjO, the product of plasraa sodium and
chloride concentrations is almost identical with the product of
sodium and chloride in the non-parietal component• This is to be
expected if, as it is proposed, the non-parietal component is
essentially gastrio interstitial fluid.
Summary
1. The two-component hypothesis is further extended to account
for the observed variations in ionic concentrations and secretory
rate under non-steady-state conditi ns of secretion.
2. A linear relationship, independent of stimulant or mode of
stimulatloV
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itimulation, is shown to exist under all conditions of seoretion
between the concentrations of the various ions,
3, A distinct relationship of ionic concentration to secret¬
ory rate is demonstrated and shown to depend on the relative pro¬
portion of non-parietal component in a specimen. The importance of
the sodium output as a preoise index of the non-parietal component
is established,
k* The calculated composition of the non-parietal component
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Figure 6: The pattern of secretion fallowing intravenous injection of k- ug.
of (gastrin II in subject G-M. The scale of potassium output has
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Figure 7: The sodium output in the first 20 minutes following intravenous
injections of gastrin II in 3tifa.ieci GM#
Figure 8s The earlier peek and more rapid fall of [it] as compared with [h] »
following subcutaneous administration of gastrin plus mechothane
(G + JtQ, gastrin plus histamine (G- + H), gastrin plus atropine
(G + A), and iiistamine plus meohothane (H + '*)• The upper two
figures are from subject JM and the lower two from subject GM.
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Figure 9: The relationship of the peak output, of potassium following single
intravenous injections of gastrin II in subject GM to the logarithm
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figure 10: The linear relationship of [h] to [ci] , jl\Ta], [xl and [Hal + [k] •












Figure 11: The relationship of [ll] and [l?a] to the ratio of the calculated
parietal (p) and non-parietal (HP) volumes. The points represent
the observed concent rations in five-minute samples obtained

















-| 1 1 1 1 1 1—
30 40 50 60 70 80 90
SECRETORY RATE ML/20'
-*r8 -2: The fit of the ra-calculated data from Table III to the
froa Fig. ij-.
Figure 13s The relationship of secretory rate to [h] ana [jfe] following
single intravenous injections of gastrin II in subject CM.
The points in each series represent five-adnute samples with
closely similar outputs of sodium.
SECRETORY RATE
Figure 14s The linear relationship of l/v to [h] and [ha] following single
intra.venous injections of gastrin II in subject -'M. The series
was the same as those shown in Fig. 13.
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Section III
Implications of the Two-Component Hypothesis
Gastric juice may be considered as a mixture, in varying
proportions, of two primary components, in which diverse oellular
products, such as pepsin, visible and dissolved mucus, intrinsic
faotor, etc., are dispersed, and to which they contribute negligibly,
if at all, in volume and electrolyte content* The pa ietal cells
are responsible for an active, slightly hyperosmotic, secretion of
HC1 and KC1, while the non-parietal component is probably of extra¬
cellular origin, identical in composition with interstitial fluid
and somewhat hypo-osmotic to plasma.
There is fairly general agreement as to the composition of
parietal secretion. The steady-state concentration of its chloride,
qg
both in man and dog, is around 166 mEq/L • The parallelism of
acid and potassium secretion is evident under steady-state conditions.
The dependence of both acid and potassium concentration on secretory
rate, and of aoid and potassium output on dose of stimulant, indicates
that the parietal secretion contains both these cations (sections I
and II). Their relative concentrations, however, are different in
the two species, with a lower acid and a higher potassium oon-
98
centration in man .
The evidence for the composition of the non-parietal coiaponent
has in general been obtained in two main ways:-
(i) Analysis of the relationship to acidity, of ions thought




(ii) Analysis of the electrolyte composition of this com¬
ponent oollected in the "pure" state.
A major difficulty in (i) has been the value that should be
assigned to the neutralising bicarbonate radical in this component.
95 97
Fisher and Hunt in man, and Gray and Bucher in dogs, have
sought to circumvent this by assuming that the two components were
iso-osmotic. Whereas a great deal of evidence has accumulated
showing that parietal secretion is somewhat hyperosmotic to
plasma * , all the evidence from direct estimation suggests
that the osmolality of the non-parietal component is analogous to
that of interstitial fluid and marginally less than that of
plasma * . It is of interest to note in this connection that,
when a value analogous to that in the plasma or interstitial fluid
is attributed to the bicarbonate in the non-parietal component, the
calculated levels for sodium, potassium and chloride concentrations
are those predicated for these ions in the interstitial fluid
(sections I and II),
Possible Objections to the Two-Component Hypothesis,
(a) An important postulate of the back-diffusion hypothesis
of acidity regulation is that the gastric mucosa, is permeable to
baok-diffusion of hydrogen ions, as well as to entry of sodium and
other extra-cellular ions, with the singular exception of bi-
13
carbonate • Recent evidence, however, suggests that the gastric
mucosa, unless damaged, is virtually impermeable to back-diffusion
of anything but minute amounts of hydrogen ions • On the other
hand/
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hand, a number of workers have demonstrated conclusively that bi¬
carbonate does penetrate the lumen of the canine stomach. Bicarbon-
107
ate was found by Hollander in the anacid resting juice of
vagotondsed canine pouches and also following topical application of
108
acetylcholine. More recently, Altaiairano , using a chambered
preparation of canine gastric mucosa with intact blood supply, has
demonstrated that gastric intra-arterial infusion of acetylcholine
leads to the passage into the lumen of the stomach of an alkaline
fluid in all respects analogous to gastric interstitial fluid.
Changes imparted to the plasma were accompanied by parallel changes
in the composition of the fluid entering the stomach.
Resting secretion is infrequently anacid in man exoept under
pathological circumstanoes. The bicarbonate concentration in the
spontaneous secretion of the normal subject JM occasionally reached
9 mEq/L. In patients with pernicious anaemia tested with sub¬
cutaneous gastrin II, the level of bicarbonate occasionally reached
15 mEq/L, the pH was alkaline, while the concentrations of sodium
and potassium were very similar to their concentrations in plasma.
The concentration of chloride, however, was somewhat higher (125 -
132) and vailed reciprocally with the bicarbonate concentration.
It is possible that under these and similar circumstances an exchange
of bicarbonate and chloride may take place across the mucosa, alter¬
ing the composition of the collected fluid.
(b) Instillation experiments have formed an important basis
for the conclusions of the back-diffusion hypothesis. The postulate
involved the exchange of hydrogen and sodium as ion pairs (HC1 and
NaCl)/
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NaCl) without net movement of water. By the use of dilution
111
indicators, however, Lindner et al. have denonstrated a net
addition of fluid into the lumen following instillation of acid
solutions in man. Using a chambered preparation of canine gastric
mucosa where volume changes could be accurately recorded, Borrstein
112
et al. ' could show a net movement of water and ions in the
direction predicted by activity gradients across the mucosa. Thus
a hypotonio solution of HC1 (0.5 M) showed a significant loss of
volume and hydrogen ions and a significant gain of chloride; while
a solution of 0.15 M HC1 showed a distinct increase in volume co¬
incident with the dissipation of hydrogen ions. Similar con¬
siderations applied to the instillation of solutions of NaCl.
In the first two sections, it was shown that the predictions
of the back-diffusion hypothesis regarding secretory rate and
electrolyte concentration in man are not completely borne out by the
experimental findings. A better fit of the data was obtained to
the assumptions involved in a two-component hypothesis.
Mucus and Non-Parietal Component.
It is a misunderstanding of the two-component hypothesis to
ascribe anything but a minute degree of acid-binding to the mucus in
the juice. A number of early workers in this field showed an
inverse relationship between hydrogen ion concentration and the
115
concentrations of total nitrogen and sugar , while others have
shown a direct relationship between the sodium and nitrogen
outputs/
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outputs . However, not until the recent work of De Graef ,
elaborating on the findings of Glass , has the question been
satisfactorily resolved. The essential constituents of the muco-
protein fraction of dissolved mucus in dogs appear to be per sin and
"glycoprotein", The near-constancy of composition of this fraction
points to the synchronous functioning of the peptio and neck mucous
cells presumed responsible for this product. The mucoproteose
fraction, on the other hand, together with some polypeptides and
non-protein-nitrogen, constitute for the most part the organic
portion of the non-parietal component. An inverse linear relation¬
ship exists between the concentrations of each of the constituents
of this mucoproteose fraction and acidity# The earlier work of
117
Horowitz and Hollander had shown that serum albumin constituted
up to of the total biuret-reacting protein of anacid mucus, but
was present only in trace quantities in acid juice possessed of
peptic activity.
Although it does not participate in electrolyte equilibria,
this mucoproteose fraction, like the sodium output, appears to be
an accurate index of the non-parietal component of the juice.
The results obtained by De Graef clarify a number of findings
by earlier workers. Thus, patients with pernioious anaemia or
atrophic gastritis were found to show a moderate elevation of the
mucoproteose fraction, but a distinct diminution or absence of the
xxs
mucoprotein fraction . Similarly, rats in which glandular
atrophy was induced by explanation of the stomach on to the abdomin¬
al/
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al wall produced an alkaline fluid similar in composition to inter¬
stitial fluid, and containing mucoproteose, but never any aoid,
1.19
pepsin, or mucoprotein •
Origin of the Non-Parietal Component
If, as all the evidence seems to suggest, the non-parietal
component is in effect a gastric interstitial fluid component, it
is essential to enquire into its mode of formation, that is, into
the determinants of transcapillary filtration in the vascular bed
of the stomach.
A voluminous and often contradictory literature, ably reviewed
120
by Jacobson , has accumulated on the circulation in the stomach.
The effect of nervous factors and pharmacological agents has been
investigated repeatedly on one or other of the circulatory para-
meters; regional blood flow, overall resistance, and mucosal blood
content. Despite some contradictory observations, probably due to
the widely different levels of doses used, there seems to be general
agreement that gastrin, histamine and cholinergic agents, which act
both as secretory stimulants and local vasodilators, as well as
direct vagal stimulation, increase gastric mucosal blood flow and
120 121
content, and decrease overall resistance * .An opposite
effect is obtained following administration of vasoconstrictive
121 122
agents, such as noradrenaline and vasopressin 9 .
1 pi Al
The early work of Beznack , and Koniges and Otto "+ ,
had demonstrated by direct measurement that acetylcholine also
increase^
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inoreased splanchnic mucosal capillary pressure and promoted
capillary filtration, but not until recently, and especially since
the work of Folkow and his colleagues, have techniques been develop¬
ed for continuous simultaneous recording of all circulatory events,
and an attempt made at defining their relationship to oapillary
filtration. It will be recalled in this context that the main
determinants of transcapillary filtration according to the Starling
hypothesis are the mean effeotive capillary pressure (hydrostatic
minus oncoctic) and the total capillary surface area available for
filtration. The activity of pie-oapillary sphincters affects the
pattern of capillary flow as well as average capillary pressure and
125
capillary surface area • Blood flow and capillary filtration,
however, may vary independently, even when the activity of submucosal
shunts is discounted. Moreover, for similar blood flow rates, the
amount of fluid filtered varies with the vascular bed. In this
respect, the splanchnic circulation is uniquely endowed, with a
oapillary filtration rate at Maximal vasodilatation analogous to
126
glomerular filtration rates .
The continuous infusion of vasodilatory agents increases both
126
splanchnic flow and capillary filtration » Vasoconstrictor
fibre stimulation, on the other hand, is accompanied by a decrease in
filtration rate, wiich persists, though not to the same extent,
127 128 129
despite the action of local vasodilatory mechanisms " * ' »
In the presence of unaltered blood flow and mean capillary pressure,
this indicates a diversion of the blood away from the mucosal
capillaries, and probably through submucosal arteriovenous shunts.
It/
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It is in the context of transoapillary filtration studies
that the movement of sodium as the index of the interstitial fluid
126
component of juice should be interpreted. Folkow et al. have
shown that the increase in capillary blood flow and filtration was
proportionate to the infused dose of vasodilator. The results
presented in sections I and II show that the output of sodium in the
first twenty minutes following infusion or single intravenous in¬
jections of gastrin II is also dose-dependent. The subsequent fall
in sodium output may refleot local circulatory adjustments, and in
the case of single intravenous injections the progressive disappear¬
ance of the stimulant from the tissues. Local adjustments affect¬
ing capillary blood flow, and to a lesser extent capillary filtration,
have been found to occur following stimulation of vasoconstrictor
fibres in animals # The possibility of the converse
effect occurring following vasodilatation can theoretically be
entertained and may provide an explanation for the return of the
sodium output to basal levels during steady-states following in¬
fusion of gastrin II.
It was noted earlier that concomitant cholinergic stimulation
increases the output of sodium of both histamine- and gastrin-
stiraulated juice, with a resultant increase in total volume and
92
reduction in acidity. Atropine has the opposite effect .
The induction of vasoconstriction in animals by administration of
122
pituitrin, barium salts, or by cooling of the stomach , results
in a drastic reduction of secretion, while the acidity is maintained
at high levels. Disproportionate increase or decrease, depending
on/
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on the agent used, in the rate of formation of interstitial fluid
and its consequent passage into the gastric lumen, offers an
adequate explanation of these phenomena.
Subcutaneous administration of large doses of gastrin appears
to result in a larger output of sodium than does histamine. This
may reflect the local release of histamine by gastrin inducing local
circulatory changes without the concomitant lowering of systemic
131
pressure induced by large doses of histamine and antihistamine .
Indeed, as has been noted by Haddy, the increase in capillary
pressure and consequent transcapillary filtration is most evident
132
following localised injection of histamine .
Tranamuoosal Passage of Interstitial Fluid.
133
Durbin et al. have shown that in the ohambered preparation
of stripped frog gastric mucosa water moves along osmotic gradients,
and by far the larger proportion of this water movement is accounted
for by bulk flow rather than by diffusion. In the ohambered
preparation of canine gastric mucosa with intact blood supply, a
112
similar movement of water and ions can also be demonstrated •
A hydrostatic gradient is even more effective in inducing filtration
across the gastric mucosa than an equal osmotic gradient . In
108the experiments of Altamirano , the movement of interstitial
fluid into the lumen of the stomach following gastric intra-arterial
infusion of acetylcholine could be quantitatively graded or totally
blocked by applying hydrostatic pressure to the luminal surface of
the/
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the mucosa. The increased mucosal capillary pressure following
acetylcholine, in conformity with the complementary findings of
Folkow et al, , could attain levels similar to those found in
glomerular capillaries, so that the movement of interstitial fluid
out of the gastric capillary and its consequent passage into the lumen
of the stomach is potentially very large.
Although calculated to account for around 15$ of tissue volume,
the width of the interstitial fluid compartment probably does not
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exceed 0,5 to 1 u. . It is difficult to ootain reliable data
on the pressure attained in the interstitial fluid compartment during
filtration, but it would be safe to predict that it is proportionate
to the rate at which interstitial fluid is formed. The gastric
interstitial fluid compartment is interposed between plasma and a
somewhat hyperosmotic primary acid secretion flowing over the mucosal
surface. The combined osmotic effect of parietal secretion and
hydrostatic effect in the tissue is probably responsible for the
movement of interstitial fluid across the gastric mucosa. The locus
"t "2C
of its passage i3 probably the intercellular interstices " . The
architecture of the gastric mucous epithelium in man, as revealed by
electron microscopy, with clear spaces at the base of the cells,
137
appears well suited for this purpose ,
Shortly after stimulation, the proportion of the interstitial
fluid or non-parietal component may equal or exceed that of the
parietal component, resulting in the low observed acidity. During
maximal steady-state secretion following continuous infusion of
gastrin in man, the proportion of non-parietal to parietal component
is/
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is around 1:10 to 1:15. Following administration of large doses of
histamine, when the acidity reaches its highest levels, the proportion
may reach 1:30 to 1:40,
Damage to the mucosa in disease or experimentally by topical
applications of eugenol may induce an abnormal passage of interstitial
107
fluid , This is in conformity with the frequent finding that
inflammatory conditions of the 3tomach are accompanied by an increas¬
ed volume of juice of low acidity and high protein content.
Concluding Remarks,
It was shown in the previous seotions that an identical
formulation to account for the relationship of acidity and secretory
rate can be arrived at on the basis of the back-diffusion and two-
component hypothesis. It is difficult, however, to fit the
secretory data on sodium, obtained in this and other studies, to a
simple diffusion equation. If account is taken of the bulk movement
of interstitial fluid, and therefore of sodium, as it occurs in vivo,
a quantitative description could be proposed that would eliminate any
basic differences in the two models.
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Seotion IV
The Two-Component Hypothesis of Pancreatic Seoretion.
As a corollary to the findings of this study, a similar
quantitative treatment can be shown to apply to pancreatic secretion.
By analogy with gastric secretion, pancreatic secretion may be con¬
sidered as a mixture in various proportions of a pancreatic bicarbon¬
ate component and an interstitial fluid component containing bi-
138
carbonate and chloride .
B = primary bicarbonate concentration in the pancreatic
component.
b and Cli = primaiy bicarbonate and chloride concentrations
k = volume of interstitial fluid component per sample,
v = observed secretory rate,
v - k = volume of primary pancreatic secretion.
All the pri ary concentrations, B, b and Cli are constant
(a) Bicarbonate.
The output of bicarbonate per sample may be expressed as












Frora eq. h.3, it can be concluded that ^HCOj] depends on the ratio
of k/v, on the ratio of the interstitial fluid component to
secretory rate.
In the presence of a constant interstitial fluid component
(k now a constant), (i) the relationship [HCO3] and secretory rate,
v, is hyperbolic, while that of [HCO3] and l/v is linear;
(ii) the relationship of bicarbonate output and secretory rate is
linear (eq. h.2).
At infinitely high secretory rates, l/v = 0 and [hCO^J = B
At v = k, [HCO3] a b
(b) Chloride.
The chloride originates in the interstitial fluid component and
its output per sample may be expressed as follows:-
[ci] v = ciik
[ci] =
▼
k/v = [cij/ Cl±
From Eq. i.2, it can be oonoluded that jjCll is dependent on the ratio
of k/v. In the presence of a constant interstitial fluid component,
the relationship of [cij and secretory rate is hyperbolic, while that
of [cij and l/v is linear.
At l/v =» 0, [ci] ■ 0






(c) Relationship of the concentrations of chlorice and
bicarbonate.
Combining Eqs. h.4- and i.3t
ftt] . Eq, J.1
B - b
from which it can be conolu&ed that the relationship of [cij and
[HCOjjis linear.
At [ci] = 0, jHCOj j = B, the primary pancreatic
bicarbonate.
At [cil « CI4, [HCO3I = b, the interstitial fluid
bicarbonate.
These theoretical conclusions were put to the test on publish¬
ed human (Breiling and Janowitz, 1956) , and canine ( Hart and
Thomas, 19Chrlstodoulopoulos et al., 1961 ) pancreatic
electrolyte data.
(i) The linear relationship of [HCO3J and [ci] is evident
in both canine and human data, (Fig. 15). AH the points lie on
the same regression line, indicating that the primary concentrations
in both components are similar in the two species.
(ii) The index of the interstitial fluid component in the
context of pancreatic secretion is the chloride output. If the
139
data derived from human subjects are grouped in series made up
of/
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of samples with similar chloride outputs, so that the value of k is
a constant, the predicted linear relationship of JHCO3 j and 1/V
becomes evident (Fig, 16), It should be noted that this trans¬
formation was necessitated by the fact that these data were obtained
during non-steady-state secretion induced by single intravenous
injections of secretin,
(iii) Closer scrutiny of human and canine data shows that the
chloride output, like its counterpart the sodium output of gastric
Til
juice, rises in the first 10 to 20 minutes and is dose-dependent »
(iv) The primary concentrations are independent of the nature
of the stimulant or mode of stimulation. Thus the human data in
Fig, 15 were obtained following stimulation by intravenous secretin,
while the canine data were obtained by various means, including
injection of secretin extracts and irrigation by peptone, soap, or
hydrochloric acid,
(v) It can be shown by adding the factor of [HCO3 j to both
sides of Eq, j,l that the sum of [hcQj"] and [cij is not constant,
but rises to a maximum equal to B and falls to a minimum equal to
Cli + b, the sum of the bicarbonate and chloride concentrations in
the interstitial fluid component. The slope of the regression line
relating [HCO3] + [ClJ to [HCGj] is small, so that the full
significance of this observation can only be judged in the presence
of an appreciable span of data (Fig, 15),
(vi) Separate regression analysis of jcij on [HCO3J shows
closely similar intercepts for human and canine data. If a value
is/
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is attributed to b analogous to its value in plasma or interstitial
fluid, i.e. 25 mEq/L, the concentration of Cli can be obtained,
A summary of the results is presented in Table VI,
It is of interest to note the similar concentration levels of
the primary pancreatic bicarbonate and primary gastric parietal
chloride in both species. As predicted, the calculated value of
Cli is fairly close to its expected value in interstitial fluid,
(vii) Comparison of the canine and human data shows that the
lower [HCO3 j in the latter is due to the higher proportion of inter¬
stitial fluid, as indicated by the larger content of chloride in
139
the human specimens •
The hi heat [flCO^ J observed in dogs was around 160 mEq/L. It
appears from Fig, 16 that pure pancreatic secretion does not contain
chloride (jci] - 0 at l/v a 0), It can, however, be shown, by
extending Eqs, h,l - h.i*, that even if primary pancreatic secretion
contained chloride, the linear relationship of [HCO3 ] and [ci j per¬
sists, and only the value attributed to the priraary bicarbonate, B,
changes,
(viii) The administration of anticholinergic agents loac^to a
decrease in pancreatic secretory rate accompanied by a rise in
jhCO J] , This is probably attributable by analogy with gastric
secretion to their disproportionate effect on the interstitial fluid
component•
Similarly, the proportion of the interstitial fluid component,
as indicated by the chloride output, is larger in patients with
pancreatitis/
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pancreatitis than in normal subjects, and the observed [hCOjJ is
lower. This situation is analogous to that encountered in
gastritis. The relationship of [hGO^| and ^Clj, which is independ¬
ent of k/v, the vol me factor, remains undisturbed (Fig, 15),
The parallelism between gastric and pancreatic secretion in
the development of the equations, the fit of the data, and the
conclusions (i to viii) is clearly evident.
The formulation of a two-component hypothesis to account for
the relationship of electrolyte concentration and secretory rate is
not unique to gastrio secretion. It would appear that the observed
variations in electrolyte concentration in the seoretions of these
two organs are not so much the product of a specific regulatory




n r B C11
MAN 21 • 0.97 166.0 i 5.5 124.4 ♦ 1.2
DOG 54 0.97 167.2 + 1.5 123.8 ♦ 3.1
COMBINED 75 - 0.99 168.3 + 1.1 124.7 ± 1.3
TABLE VI. Calculated primary concentrations in pancreatic juice
nt number of samples
r» coefficient of coxrelation.
Figure 15: The linear relationship of bicarbonate and chloride concentrations
in pancreatic secretion. The closed circles and X represent data




SUgure 16: The linear relfttiondiip of hiwuibon .to e«d chloride oor.ooatitition
to 1/r in nmt. The dotted lines represent the crl eclated limit®
of uie interstitial fluid component. ;-e,oh scries is ;:r.«o up
a: sample© , ith sicrAl-r chloride cratpute.
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Note on the Gastric Electrolytes in Patients with Pernicious Anaemia
Two patients were tested with 2 up/kg of gastrin. Both
responded by producing an alkaline fluid containing measurable
amounts of bicarbonate (range of concentration; 5*8 to 15»8 inEq/L),
The electrolyte concentration pattern towards the latter half
of the test was closely similar to the concentration pattern in
extra! fluid (pigs. 1 and 2), The latter is distinguished by
sodium and potassium levels slightly higher than the corresponding
interstitial fluid levels. The chloride and bicarbonate con¬
centrations vary in a reciprocal manner and their sum is virtually
identical with that in interstitial fluid. It is possible that
antral fluid does not represent an active secretion but simply an
interstitial fluid subjected to a chloride-bicarbonate shift after
passage into the antral lumen.
Mrs. D. - Pernicious Anaemia. (Gastrin 2 ug/kg.(
Secretorv
Rate/10' BS Na+ hi Na+K HCO3- Cl_ C1-+HCO3-
17.00 6. 90 128.00 11. 25 139. 25 5.85 127. 50 133. 30
10.60 7. 00 123. 50 10. 50 134.00 6.61 124. 50 131.10
13. 40 7. 20 133. 00 8. 00 141.00 6. 35 129. 50 135.85
8. 30 7.32 134. 50 8. 50 143.00 6.81 131. 50 138.30
9. 00 7. 45 140. 00 7.00 147.00 9. 63 132. 50 142. 10
6. 20 7. 50 139. 00 7. 75 146. 75 10. 35 130. 00 140.30
4.00 7. 40 140. 50 7. 75 148. 25 7. 99 134. 50 142. 50
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